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Introduct  ion 


The  Montana  Department  of  Natural  Resources  h  Conservation  (DNRC)  is 
reviewing  the  application  of  Northern  Lights,  Inc.,  for  construction  of  a 
hydroelectric  dam  at  Kootenai  Falls.     The  project  application  lacked  sufficient 
baseline  environmental  and  social  data  to  allow  evaluation  of  the  alternative 
hydropower  sites  on  the  Kootenai  River.     Consequently,  DNRC  agreed  to  provide 
additional  baseline  data  for  the  company's  selected  alternative  sites.  These 
sites,   located  on  the  Kootenai  River  near  the  mouths  of  Katka,  Rocky,  Ruby  and 
O'Brien  creeks  are  shown  in  Figure  1,  along  with  the  preferred  site  for  the 
Kootenai  River  hydroelectric  project. 

Scope  of  Report 

This  report  provides  additional  baseline  geologic  and  hydrologic  data  for 
the  four  alternative  sites.     This  information  is  derived  mainly  from  (1)  a 
review  of  existing  geologic  and  hydrologic  literature,   (2)  data  collected  by  the 
U.S.  Geological  Survey  (USGS)  and  U.S.  Army  Corps  of  Engineers  (USCE) ,  (3) 
limited  reconnaissance- level  field  investigations  at  each  site,   and  (4)  a  survey 
of  potential  reservoir  boundary  material  conducted  by  GeoServices  West. 

The  study  area,  as  defined  for  this  report,   includes  the  20-mile  reach  of 
the  Kootenai  River  extending  from  a  point  3.2  miles  west  of  the  Montana/Idaho 
border  to  a  point  about  four  miles  east  of  Troy  (see  Figure  2).     For  the 
purposes  of  geologic  description,  special  attention  is  given  to  the  area  within 
a  one-mile  radius  of  the  dam  site  and  to  the  areas  which  would  be  contained 
within  the  reservoir  pool  boundary    of  each  potential  dam  site.     A  generalized 
analysis  of  watershed  and  streamflow  characteristics  is  given  for  the  purposes 
of  hydrologic  description. 
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-igure  1.    Alternative  Dam  Sites  on 
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Organization  of  Report 

This  report  is  organized  as  follows:     First,  a  general  description  of  the 
study  area's  general  watershed  characteristics     (basin  description,  climate, 
river  description,  water  quality,  streamflow  and  geologic  characteristics)  is 
provided.     Next,  a  general  description  of  the  proposed  alternatives  is  given. 
In  the  final  section,  there  is  a  more  detailed  description  of  site-specific 
geologic  characteristics.     Compiled  information  pertinent  to  the  description  and 
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evaluation  of  possLbln  env  i  ronme.nLa  1    impacts  at  thn  sitds  but  not  portinont  to 
discussion  in  the  text  is  included  in  the  Appendix. 

II    Watershed  Characteristics 

Basin  Description 

The  Kootenai  River  originates  in  the  Canadian  Rocky  Mountains  of  British 
Columbia  and  flows  southward  into  Montana,  making  a  broad  horseshoe-bend  before 
reentering  Canada  and  joining  the  Columbia  River  (see  Figure  3) .     The  total 
drainage  area  is  19,300  sq.  miles.     The  basin  is  about  238  miles  long  and  153 
miles  wide.     Elevation  ranges  from  a  maximum  of  11,870  ft.   in  the  headwaters  to 
1370  ft.   at  the  Kootenai's  confluence  with  the  Columbia.     Generally,   about  50% 
of  the  basin  exceeds  6,000  ft  (USCE  1975).     A  summary  of  basin  area  and  river 
elevation  characteristics  is  included  in  Table  1  and  Figure  4. 

Climate 

The  elevation  and  orographic  affect  of  local  mountain  masses  strongly 
influence  the  climate  of  the  Kootenai  River  Basin.        With  the  westernmost 
extension  located  325  miles  from  the  Pacific  coast,  the  Kootenai  Basin's  climate 
is  affected  by  both  Pacific  maritime  and  continental  influences.  Maritime 
influences  are  strongest  during  the  winter  and  result  in  snowfall  when  the 
relatively  warm  moisture-bearing  air  masses  pass  over  the  basin.  Continental 
influences  tend  to  be  strongest  in  summer  when  the  northern  edge  of  continental 
low  pressure  areas  cause  occasional  cloudbursts  and  heavy  convective-type 
showers.     Generally,  most  precipitation  (approximately  65%)  is  received  as 
snowfall  during  winter  months  (USCE  1975;  USFS  and  DSL  1977). 


Kootenai  River  Basin, 
Montana 


This  positive  print  photomosaic  was 
prepared  from  throe   ERTS  MSS  Band  7 
images  by  the  Earth  Sciences  Branch, 
Cold  Rc(^ioiis  Research  and  Ennmcering 
Lal)oratory,    Hanover,  New  Hampshire. 
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Table  1. 

SUMMARY  OF  KOOTENAI  RIVER  BASIN  DRAINAGE  AREAS 


Location 

Area  (between  locations) 

U.o./LaM.  DUracr 

D/4U  sq. 

mi . 

LiDDy  uam 

2245  sq. 

mi . 

Re- Reg  Dam 

975  sq. 

mi . 

Libby  Gaging  Sta. 
(USGS-12303000) 

280  sq. 

mi . 

Kootenai  Falls  Site 

241  sq. 

mi . 

Rocky  Cr .  Site 

1249  sq. 

mi . 

Leonia  Gaging  Sta. 
(USGS- 12305000) 

MO  sq. 

mi . 

Katka  Site 

120  sq. 

mi . 

Columbia  R.  Confluence 

Total  Area  (above  location) 

6740  sq.  mi . 

8985  sq.  mi. 

9960  sq.  mi. 

10240  sq.  mi. 

10481  sq.  mi. 

11730  sq.  mi. 

11740  sq.  mi. 

11860  sq.  mi. 

19300  sq.  mi. 
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Meters  Feet 
1200—1 


Distance  above  Mouth  of  Kootenai  River 


Figure  4.    Profile  of  the  Kootenai  River 
(Source:    USCE, 1975a) 


Temperature  and  precipitation  vary  considerably  within  the  study  area.  Mean 
annual    precipitation  for  the  basin  is  30  inches,  with  extremes  of  14  inches  and 
120  inches  for  the  lowest  and  highest  elevations  respectively.     Libby  has  a  mean 
annual  precipitation  of  19.2  inches.     Mean  annual  temperature  for  the  basin  is 
about  41  degrees  F.  with  wide  variation  among  reporting  stations.  Temperature 
and  precipitation  data  for  Libby  and  Troy  are  summarized  in  Tables  2  and  3. 

River  Description 

The  Kootenai  River  is  about  485  miles  long  with  165  miles  within  the  United 
States.  River  mileages  to  selected  features  aind  the  alternative  sites  in  the 
U.S.   are  shown  in  Figure  4. 

The  river  system  is  coarse-bedded  and  dominant ly  alluvial,     occupying  a 
broad-to-narrow  glacial  valley  with  a  floodplain  of  varying  width.     Within  the 
study  area  the  Kootenai  River  may  be  divided  into  three  distinct  fluvial 
geomorphic  provinces:     (1)  a  short  channel  reach,  with  a  steep  gradient  (46 
ft/mi)  and  a  bedrock-controlled  channel,  extending  downstream  approximately  two 
miles  from  China  Rapids  through  the  Kootenai  Falls  gorge  to  the  gorge  outlet, 
(2)  a  long,  dominantly  alluvial  channel  reach  with  a  moderate  gradient  of  4.4 
ft/mi.   extending  from  the  outlet  of  the  Kootenai  Falls  gorge  approximately  10 
miles  to  the  mouth  of  the  Yaak  River  and  (3)  a  dominantly  bedrock  controlled  12- 
mile  channel  reach  with  a  moderate  gradient  of  4.3  ft/mi,  extending  from  the 
mouth  of  the  Yaak  River  to  the  Katka  alternative  dam  site. 

Major  tributaries  to  the  Kootenai  between  Libby  Dam  and  the  Katka  site 
include,  in  downstream  order:     Fisher  River,  Libby  Creek,  Granite  Creek,  Lake 
Creek,  Callahan  Creek,  Yaak  River,  and  Boulder  Creek.     Numerous  smaller 
tributaries  have  built  deltas  composed  of  rocks  50  to  200  mm  in  diameter.  The 
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CLIN*TOLOCIC»L  fUHflllS 

r[«i)s  OF 

RfCOSO 

PCS 

APR 

NAT 

jun 

JUL 

AUC 

5  E  P 

OCT 

HOY 

Of  C 

AINUAL 

TEMPERATURE  CF  ) 

MEAN  MAXIMUM 

62 

31.2 

38.9 

49.4 

61.8 

70.7 

77.5 

87.5. 

85.8 

74.4 

59.6 

41.4 

32.7 

59.4 

MEAN  MINIMUM 

62 

13. U 

16.9 

23.5 

29.9 

36.6 

42.3 

45.4 

43.  1 

37.5 

31.8 

24.7 

18.  1 

30.3 

MEAN 

62 

22.3 

27.9 

36.4 

45.9 

53.7 

59.9 

66.5 

64.4 

56.0 

45.7 

33.0 

25.4 

44.9 

EXTREME  MAXIMUM 

62 

57 

63 

75 

93 

102 

106 

109 



109 

102 

89 

73 

65 

max 
109 

EXTREME  MINIMUM 

62 

-46 

-37 

-20 

-5 

12 

24 

.  29 

26 

-7 

-27 

-38 

mi  n 
-46 

PRECIPITATION 

( Inches) 

MEAN 

67 

2.26 

1  .56 

1  .45 

1  .03 

1 .43 

1 .59 

0.86 

0.91 

1 .29 

1.76 

2.73 

2.32 

19.  19 

MEAN  AS  PERCENT 

67 

1  1.8 

8.  1 

7.6 

5.4 

7.4 

8.3 

4.5 

4.7 

6.7 

9.2 

14.2 

12.  1 

100.0 

MAXIMUM  MONTHLY 

67 

6.92 

3.6U 

4.51 

2.65 

4.07 

4.J0 

5.44 

2.89 

4.25 

5.  18 

9.34 

8.06 



YEAR  OF  MAXIMUM  MONTH 

67 

1953 

1904 

1904 

1907 

1923 

1897 

1902 

1954 

1959 

1951 

1897 

1933 



MINIMUM  MONTHLY 

67 

0.36 

1 .00 

0.  13 

0.  10 

1.00 

0.26 

1.00 

0.00 

1 .00 

0.09 

0.  16 

0.  15 



YEAR  OF  MINIMUM  MONTH 

67 

1928 

1934 

1937 

1908 

1921 

1949 

1945 
1953 

1934 

1943 

J9I  1 

1936 

1930 
1935 



MAXIMUM  YEAR  ( 1951  ) 

67 

2.17 
- 

2.69 

1 .28 

1.72 

3.64 

0.62 

5.44 

0.61 

i-:5; 

0.63 

5.91 

5.81 

32.03 

MINIMUM  YEAR  (1935) 

66 

2.28 

0.27 

1.35 

0.93 

0.48 

0.64 

0.56 

0.  1  1 

0.29 

0.84 

1 .28 

0. 15 

9.18 

MAXIMUM  2H  HOURS 

66 

2. on 

0.89 

1.15 

1 .25 

1.25 

1 .60 

3.12 

1.60 

1  .76 

1.50 

2.42 

1. 17 

— 

YEAR  OF  MAX  24  HOURS 

1953 

1949 

1903 

1922 

1900 

1923 

1902 

1906 

1959 

1910 

1897 

1902 

SNOWFALL  (Inches) 

MEAN  SNOWFALL 

52 

15.3 

10.5 

5.5 

0.9 

1.0 

1  .0 

0.0 

0.0 

0.  1 

0.6 

9.  1 

15.2 

57.3 

MEAN  MAX  SNOW  COVER 

13 

17.  1 

17.6 

13. 1 

0.9 

0.0 

0.0 

0.0 

0.0 

0.0 

0.  1 

5.5 

10.4 

DATA    FROM   RECORDS  FOR  LIBBr ,  MONTAN  A   INCLUDES  DATA  UP  TO  AND  INCLUDING  19 
INCLUDES  ONLt  THE  DATA  UP  TO  AND  INCLUDING  1952  BECAUSE  OF  INTERMITTENT  REC 

SI  EXCE 
OROS 

PT  FOP  MEAN  SN 

DWFALL 

WHICH 

Table  2.    Representative  Climatic  Data  for  Libby 
(Source:    USCE,  1978a) 
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Table  3.    Troy  Ranger  Station  Climatic  Data,  1967-1976 


Trov  Years  of  Record  -  Temperature- 15  -  Precipitation-15 


Year         1  2 
Average  Monthly  Temperature 


Troy 


1976 
1975 
1974 
1973 
1972 


26.9 
21.8 
21.8 
16.2 
17.3 


28.9 
21.6 
29.5 
28.9 
28.4 


30.2 
30.2 
31.7 
36.5 
36.0 


41.4 
36.8 
41.4 
41.5 
38.1 


52.4 
47.6 
44.9 
51.5 
52.2 


63.3 
54.7 
61.0 
57.8 
58.6 


63.9 
68.6 
63.1 
64.5 
61.7 


Total 
Average 


104 
20.8 


198.2 
39.64 


321.2 
64.24 


Total  Precipitation 


1976 
1975 
1974 
1973 
1972 


27.91 
40.81 
45.99 
35.36 
36.27 


Frost  Free  Days 

94 

88 
134 

96 
109 


63.9 
60.4 
62.2 
64.9 
66.4 


57.7 
55.5 
54.9 
55.8 
51.1 


10 


43.4 
42.9 
42.8 
43.2 
43.3 


215.6 
43.12 


11 


31.9 
30.5 
32.6 
28.1 
34.8 


12 


27.9 
28.0 
27.9 
26.7 
20.4 


Daily  Variations 


Average 


43.5 
41.6 
42.8 
43.0 
42.'! 


213.3 
42.66 


Troy 


H 
L 


94  (06/76) 
-16  (01/74) 


Average 


104.2 


*(Source:    USFS  and  DSL, 1978) 


Table  3.    (Continued)    Climatic  Data  for  Troy  Ranger  Station  1967-1976 
Rainfall  by  Month-Troy  -  1967-1976 


Tiuh         1976    1975    1974    1973    1972    1971    1970    1969    1968  1967 


1 

L 

3. 

40 

4. 

49 

10. 

39 

3. 

93 

6. 

57 

8. 

82 

5. 

30 

5. 

96 

4. 

36 

3. 

85 

9 

5. 

02 

5. 

23 

4. 

04 

1. 

09 

5. 

77 

2. 

05 

3. 

34 

2. 

04 

3. 

15 

1. 

06 

"I 
> 

2. 

15 

2. 

96 

6. 

37 

2. 

08 

2. 

46 

3. 

70 

2. 

17 

1. 

64 

3. 

35 

2. 

03 

4 

1. 

94 

1. 

87 

3. 

10 

94 

2. 

31 

2. 

92 

2. 

78 

2. 

29 

2. 

31 

66 

3 

1. 

80 

2. 

63 

1. 

89 

1. 

50 

1. 

51 

1. 

45 

1. 

13 

3 

32 

2. 

52 

1. 

27 

5 

2 

16 

1. 

64 

2. 

76 

2. 

91 

2. 

72 

2. 

43 

1. 

87 

4 

92 

2. 

71 

2. 

30 

7 

1 

06 

69 

1. 

96 

15 

2. 

37 

1. 

32 

1. 

15 

49 

1. 

84 

50 

3 

4 

78 

3! 

49 

1. 

06 

70 

77 

1. 

28 

20 

04 

2. 

50 

07 

9 

30 

64 

1. 

25 

1. 

84 

1. 

79 

1. 

72 

2! 

58 

3 

92 

5. 

68 

42 

10 

1 

80 

5. 

33 

27 

2. 

47 

2. 

16 

3. 

08 

2. 

04 

2 

38 

5. 

50 

7. 

97 

11 

1 

74 

3. 

54 

7 

83 

10. 

81 

2. 

10 

3. 

98 

2. 

96 

2 

14 

5. 

13 

2 

94 

12 

1 

76 

7 

80 

5 

07 

6. 

94 

5. 

74 

6. 

37 

6. 

16 

3 

33 

5. 

12 

3. 

85 

^TAL 

27 

91 

40 

81 

45 

99 

35. 

36 

36. 

27 

39 

12 

31. 

68 

32 

47 

44. 

16 

26 

92 

verage  Precipitation  -  October  through  March. 


15. 

37  - 

27. 

91  - 

57 

percent 

1976 

29 

35  - 

40. 

81  - 

73 

percent 

1975 

33 

97  - 

45. 

99  - 

74 

percent 

1974 

26 

87  - 

35. 

36  - 

76 

percent 

1973 

24 

80  - 

36. 

27  - 

68 

percent 

1972 

23 

00  - 

39. 

12  - 

72 

percent 

1971 

21 

97  - 

31. 

68  - 

69 

percent 

1970 

17 

49  - 

32. 

47  - 

54 

percent 

1969 

26 

51  - 

44. 

16  - 

60 

percent 

1968 

21 

70  - 

26. 

92  - 

81 

percent 

1967 

Average  -  68.4  percent 


*(Source:    USPS  and  DSL,  1978) 
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building  of  these  deltas  may  have  been  enhanced  by  Libby  Dam  flow-regulation  and 
the  consequent  decreased  competency  of  river  flows.     Figure  5  summarizes  the 
major  tributaries  to  the  Kootenai  River  and  their  mean  discharge  into  the  river. 

Streamflow  Characteristics 

Since  completion  of  Libby  Dam,  a  370  ft  (height  above  streambed),  concrete- 
gravity  structure  with  420  MW  (megawatts)  installed  capacity  (see  Figure  2), 
flows  have  been  regulated  for  base  load  and  peaking  power  production.  River 
flows  below  the  dam  are  decreased  in  summer  and  increased  in  winter,  rather  than 
following  the  natural  flow  pattern.     Peak  power  production  results  in  sharp 
fluctuations  between  maximum  and  minimum  daily  discharges  (USCE,  1975b). 

Generally,  average  daily  releases  from  Libby  Dam  are  in  the  5,000  to  9,000 
cfs  range  from  April  to  mid-July  to  allow  reservoir  filling.     Once  the  reservoir 
is  filled,  outflow  is  increased  to  match  inflow  (normally  about  20,000  cfs). 
Natural  inflows  normally  are  passed  through  the  reservoir  until  sometime  in 
October  when  inflow  recedes  to  about  8,000  cfs.     Average  discharges  are 
increased  to  10,000  to  20,000  cfs  during  winter  while  the  pool  is  lowered  to 
produce  peaking  power  and  provide  storage  capacity  for  the  next  spring  run-off. 
Abnormal  conditions,  such  as  a  large  snowpack  forecast,  may  result  in  releases 
of  20,000  to  40,000  cfs  during  winter  to  provide  increased  storage  and  allow 
discharges  of  20,000  to  50,000  cfs  during  the  spring-summer  flood  season. 

The  USCE  and  the  Montana  Department  of  Fish,  Wildlife,  and  Parks  (MDFWP) 
have  cooperatively  placed  restrictions  on  flow  releases  from  Libby  Dam.  The 
normal  minimum  outflow  is  4,000  cfs  with  2000  cfs  as  the  absolute  minimum.  From 
May  through  September,  the  maximum  allowable  downstream  increase  in  river  stage 
(water  surface  elevation)  is  1  ft/hr,  not  to  exceed  4  ft/day.     In  the  period  of 
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Figure  5.    Mean  Discharge  of  the  Kootenai 
River  and  its  Major  Tributaries 
(Source:    USCE  1975a) 


October  through  April  a  maximum  stage  increase  of  2  ft/per  hour  and  not  more 
than  6  ft/day  is  allowed  (USCE , 1975b) . 

The  USCE  currently  is  installing  four  additional  105  MW  turbines  in  Libby 
Dam,  which  will  increase  the  hydraulic  capacity  from  23,000  cfs  to  46,000  cfs, 
and  double  both  the  peaking  capability  of  the  dam  and  the  downstream  water  flow 
fluctuations.     The  USCE  plans  to  build  a  reregulating  dam  10  miles  downstream 
from  Libby  Dam  to  maintain  downstream  fluctuations  within  the  established  limits 
mentioned  earlier  (USCE  1975b).     If  constructed,  the  Reregulating  Dam  would  be  a 
70  ft  (height  above  streambed)  earth  and  rock  filled  structure  with  a  concrete 
spillway  and  an  installed  hydroelectric  capacity  of  about  75  MW. 

Figure  6  summarizes  the  annual  hydrograph  of  the  Kootenai  River  at  Libby 
prior  to  flow  regulation  by  Libby  Dam.     The  following  generalizations  are 
apparent  for  the  period  from  1910  to  1962:     (1)  at  some  time  during  the  May-July 
period,  daily  maximum  discharge  exceeded  50,000  cfs  with  flood  peaks  approaching 
100,000  cfs,     (2)  mean  daily  discharge  from  mid-May  through  mid- June  was  about 
40,000  cfs,     (3)  daily  minimum  discharges  from  mid-May  through  mid-July  were 
greater  than  10,000  cfs,     (4)  for  the  January-April  and  August -December  base- 
flow  periods,  the  daily  minimum  flow  was  generally  greater  than  2,000  cfs,  daily 
mean  discharge  was  about  4,000  cfs,  and  daily  maximums  fluctuated  about  10,000 
cfs  with  peaks  as  great  as  30,000  cfs. 

The  general  effect  of  flow  regulation  by  Libby  Dam  is  indicated  in  Figure  7 
which  shows  mean  monthly  discharges  for  representative  years  before  (1970)  and 
after  (1977)  regulation.     Flow  duration,  cumulative  high  and  low  flows,  and  peak 
flows  were  analyzed  to  obtain  a  more  complete  comparison  of  streamflow 
characteristics  prior  to  and  after  the  beginning  of  flow  regulation  at  Libby 
Dam.     Statistical  analyses  were  requested  from  the  USGS  gaging  stations  located 
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Figure  6.    Summary  Hydrograph  for  the 

Kootenai  River  at  Libby,Mont. 
(Source:    USCE  1975a) 
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Figure  7.  Monthly  Averages  of  Mean  Daily  Discharge  Downstream 
from  the  Libby  Dam  Site  Prior  to  Impoundment  (1970) 
and  Following  Impoundment  (1977).     (Source:    Graham  1979) 
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near  Libby  (12-303000)  and  at  Leonia,   Idaho  (12-305000).     The  stations  are 
located  approximately  18  and  52  miles  downstream  from  Libby  Dam.     These  data  and 
the  statistical  analyses  of  Fisher  River  and  Yaak  River  flow  characteristics  are 
included  in  Appendix  A. 

Analysis  of  annual  peak-flow  characteristics  for  the  Libby  station  indicates 
that  for  the  period  of  record  1911-1971:   the  1.5  yr.   recurrence  interval  (HI) 
event"  was  about  58,000  cfs  and  the  100-year  RI  event  was  approximately  105,000 
cfs  (based  on  Log-Pearson  Type  III  frequency  distribution).     For  the  period 
1972  -  1  j /'9'''"  the  Libby  station  had  the  following  flood  frequency  characteristics 
■,,1)   the  1.5  yr.  RI  event  was  about  27,000  cfs,  the  50  yr.  RI  event  was  about 
l^r.  nno  ^^le  100  yr .  RI  event  was  about  48,000  cfs.     Thus,  under  the 

present  flow  regulation  of  Libby  Dam,   the  100-yr.    flood  downstream  from  Libby 
Dam  is  slightly  less  than  the  1.5  yr.   flood  of  the  prior  unregulated  flow 
period.     Figure  8  shows  an  estimate  of  peak  discharge  frequency  prepared  for 
Libby  Dam  (USCE  1975b) .     The  lower  right  curve  (for  four  power  units  in  Libby 
Dam)  indicates  a  100  yr.   flood  estimate  of  50,000  cfs  for  Libby  Dam,  which 
agrees  with  the  Log-Pearson  analysis  for  the  1972-1979  short  period  of  record. 
Description  of  cumulative  high  and  low  flow  and  flow  duration  characteristics  of 
the  Kootenai  River  stations  before  and  after  the  beginning  of  flow  regulation  at 
Libby  Dam  is  included  in  Appendix  A.     A  detailed  comparison  is  not  included  in 
this  report  because  of  its  extreme  length. 

A  summary  of  extreme  and  average  flow  characteristics  for  the  USGS  stream- 
gaging  stations  located  on  the  Kootenai  below  Libby  Dam,  the  Fisher  River  near 
Libby,  the  Kootenai  River  near  Libby,  the  Kootenai  River  at  Leonia,  Idaho  and 
the  Yaak  River  near  its  confluence  with  the  Kootenai   is  provided  in  Table  4. 
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Figure  8.    Peak  Discharge  Frequency  for  Libby  Dam 

NOTES: 

1.  REGUUTED  CURVES  ARE  BASED  ON  ROUTINGS  SIMUUTING 
OPERATION  WITH  1929  THROUGH  1958  INFLOW  AND  ON 
OPERATIONAL  CONSTRAINTS  WHICH  WILL  APPLY  UNDER 
ACTUAL  OPERATING  CONDITIONS. 

2.  UNREGULATED  CURVE  IS  BASED  ON  HYDROGRAPHS  RECON- 
STITUTED BY  N.P.D.  FOR  1929  THROUGH  1961  (33  YRS) 
AND  U.S.G.S.  WARLAND  DATA  FOR  1962  THROUGH  1971 
(10  YRS). 

3.  ANALYTICAL  PROCEDURES  USED  AS  DEFINED  BY  BEARD  IN 
"STATISTICAL  METHODS  IN  HYDROLOGY". 


u.  RECORD  EXTENDED  TO  AH  EQUIVALENT  60.8  YEARS  BY 
CORREUTION  WITH  KOOTENAI  RIVER  AT  LIBBY,  MONTANA. 


Tdble  4. 

SUMMARY  OF  AVERAGE  AND  EXTREME  FLOW  CHARACTERISTICS  FOR  SELECT  LOWER  KOOTENAI  BASIN  GAGING  STATIONS 


Station  Period  of  Record       Drainage  Area  Av.  Discharge  Minimum  Discharge     Maximum  Discharge 


Fisher  River     Sept.  1967-present 

near  liddv 

(12302055) 

838  mi  2 

522  ftVs                  29  ftVs 
\6io,c.\j\j  ac-Tt/yrj    luan.  c,  i^ii] 

6,560  ftVs 
nay  cL ,  iy^cs ; 

Kootenai  River  Oct.  1971-present 
below  Libby 

Dam( 12301933) 

8,985  mi^ 

11,830  ftVs             1900  ftVs 
(8,571,000  ac-ft/yr)  (Jan.  29,  1972) 

47,200  ftVs 
(Auq    5,  1974) 

Kootenai  River  Oct.  10,  1910-present 

at  Libby 

(12303000) 

10,240  mi  2 

12,180  ftVs              895  ftVs 
(8,824,600  ac-ft/yr)  (Jan.  11,  1930) 

121,000  ftVs 
(June  21,  1916) 

Yaak  River        Oct.l'i,  1910-present 

766  mi  2 

916  ftVs                   50  ftVs 

13,400  ftVs 

near  Troy 
(12304500) 

(663,000  ac-ft/yr)       (Dec.  9,  1972) 

(May,  1954) 

Kootenai  River  March,  1928-present 

at  Leonia,  ID 

(12305000) 

11,740  mi  2 

14,020  ftVs              966  ftVs 
(10,160,000  ac-ft/yr)  (Dec.  9,  1936) 

123,000  ftVs 
(May  28,  1948) 

(SOURCE:  U.S.  Geological  Survey  (Dec.  1979),  Water  Resources  Data  for  Montana-Water  Year  1978) 
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Water  availability  for  power  production  in  the  Kootenai  River  may  be 
affected  by  future  flow  diversions  from  the  Kootenai  River  in  Canada.  The 
"Columbia  River  Basin  Cooperative  Development  Treaty  of  1961"  (Witmer  1968) 
gives  Canada  the  right  to  the  following  diversions: 

A)  Up  to  1984  the  Canadians  may  divert  as  much  as  1.5  million  acre-feet  of 
water  per  year  from  the  Kootenai  River  in  the  vicinity  of  Canal  Flats,  British 
Columbia,  provided  that  the  diversion  does  not  reduce  the  flow  of  the  river 
immediately  downstream  from  the  point  of  diversion  below  the  lesser  of  200  cfs 
or  the  natural  flow. 

B)  From  the  year  2024  to  2064  Canada  may  divert  to  the  headwaters  of  the 
Columbia  River  any  water  which,   in  its  natural  channels,  would  flow  in  the 
Kootenai  River  across  the  US/Canada  boundary,  provided  that  the  diversion  does 
not  reduce  the  flow  of  the  Kootenai  in  the  vicinity  of  Newgate,  British  Columbia 
below  the  lesser  of  2500  cfs  or  the  natural  river  flow. 

C)  From  the  year  2044  to  2064,  Canada  may  divert  only  the  lesser  of  1,000 
cfs  or  the  natural  flow. 

The  first  diversion  (A)  is  the  most  significant  and  would  comprise  about  20% 
of  the  average  annual  runoff  of  the  Kootenai  River  at  Libby.     The  applicant  has 
determined  that  this  would  correspond  approximately  to  a  20%  reduction  in 
available  power  from  the  proposed  Kootenai  River  hydroelectric  project  (NLI , 
1978).     With  power  production  directly  proportional  to  average  annual  discharge, 
it  can  be  roughly  estimated  that  the  first  flow  diversion  would  reduce  average 
annual  energy  at  potential  dam  sites  by  approximately  15  to  20  percent  in  the 
Libby  Dam  to  Katka  site  portion  of  the  river. 
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The  two  later  diversions   (B  and  C)  are  not  expected  to  significantly  affect 
downstream  power  generation  because  of  their  small  size  and  late  dates  (NLI 
1978). 

Water  Quality 

The  Kootenai  River  is  a  calcium-carbonate,  hard-water  stream  with  a 
generally  higher  nutrient  content  than  usually  found  in  the  intermountain 
region.     Water  quality  of  the  Kootenai  downstream  from  Libby  Dam  is  influenced 
by  water  releases  from  Lake  Koocanusa.     Graham  (1979)  observed  changes  in 
temperature,  dissolved  gas  levels,  total  phosphorous,  suspended  solids,  and 
specific  conductance  attributable  to  Libby  Dam  operation. 

Several  detailed  studies  of  Kootenai  River  water  quality  merit  brief  mention 
here.     The  U.S.  Army  Corps  of  Engineers   (USCE) ,   in  cooperation  with  the  U.S. 
Geological  Survey  (USGS)  and  Montana  Department  of  Fish,  Wildlife,  and  Parks 
(MDFWP) ,  maintained  a  network  of  water  quality  stations  in  the  lower  Kootenai 
River  Basin  from  October  1967  to  March  1972.     Water  discharge,  temperature, 
suspended  sediment,  turbidity,  water  chemistry  and  bottom  fauna  were  measured 
for  the  Fisher  River,  the  Kootenai  River  near  Libby  Dam,  the  Kootenai  River  near 
Libby,  and  the  Kootenai  River  at  Leonia  and  several  other  locations  (USCE 
1975a). 

Graham  (1979)  reviewed  existing  water  quality  data  and  analyzed  the  aquatic 
environment  of  the  Kootenai  River  in  the  vicinity  of  the  proposed  Kootenai  River 
hydroelectric  project.     He  produced  data  on  water  discharge,  temperature,  gas 
supersaturation ,  total  phosphorous,  dissolved  orthophosphate ,  pH,  specific 
conductance,  aquatic  habitat,  and  fish  populations.     He  also  compared  water 
quality  parameters  downstream  from  Libby  Dam  for  water  years  1970  and  1977. 
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Graham  observed  a  decrease  in  total  phosphorous  and  dissolved  orthophosphate 
following  startup  of  Libby  Dam  generation.     He  attributed  this  to  the  clean-up 
of  Canadian  fertilizer  operations  and  to  nutrient  trapping  in  Lake  Koocanusa. 
The  pH  ranged  from  7.0  to  8.5  in  both  years,  and  specific  conductance  was 
slightly  lower  and  more  uniform  in  1977  (range  of  200  to  370  micromhos  for  1970; 
range  of  200  to  290  micromhos  for  1977).     Graham  also  noted  that  the  percent  of 
total  gas  supersaturation  at  the  Leonia  gaging  station  appears  to  be  independent 
of  the  operation  mode  (turbine,  sluice,  spillway  combination)  of  Libby  Dam,  as 
indicated  in  Figure  9.     Generally,  supersaturation  downstream  of  Libby  Dam  is 
higher  during  sluice  and  spillway  discharges  than  during  turbine  discharges. 
The  lack  of  a  similar  trend  in  Figure  9  indicates  that  river  processes 
ameliorate  supersaturation  by  the  time  flows  reach  Leonia. 

The  Water  Quality  Bureau  of  the  Montana  Department  of  Health  and 
Environmental  Sciences  (MDHES)  describes  the  Kootenai  River  Basin  water  quality 
as  follows. 

Waters  of  the  Kootenai  drainage  have  soft  to  medium  hard, 
calcium/magnesium/bicarbonate  waters.     Low  alkalinities  help  explain  why  these 
waters  are  relatively  unfertile  and  their  low  buffering  capacity  makes  them 
among  the  most  sensitive  in  the  state  to  heavy  metals  pollution.     The  principal 
water  quality  problems  in  the  basin  are  nutrient  enrichment  to  Lake  Koocanusa 
from  Canadian  sources,  and  gas  supersaturation  in  the  Kootenai  River  below  Libby 
Dam.     Logging  and  mining  have  affected  water  quality  in  various 
tributaries ...  all  waters  in  the  drainage  are  classified  B-D,   (B-1)  or  better 
except  a  portion  of  Rainy  Creek,  which  is  classified  C-D,    (C-1)   (MDHES  1980). 

Surface  water  within  these  categories  generally  is  suited  for  household  use 

after  conventional  treatment,  and  for  bathing,  swimming  and  recreation; 

maintenance  of  salmonid  fish  populations  and  other  aquatic  life;  and 

agricultural  or  industrial  water  supply  (MDHES  1980). 
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Figure  9.    Percent  Total  Gas  Saturation  in  the  Kootenai  River    at  Leonia  (MT/ID  Border) 
for  Different    Dam  Operation  Modes.    Measured  from  1972-1975. 

(Source:    Graham  1979) 
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Geology 


The  study  area  is  located  in  the  western  part  of  the  northern  Rocky  Mountain 
physiographic  province  (Fenneman  1931).        Surrounding  the  study  area  is  a 
series  of  structurally-controlled,  linear,  northwest -trending  mountain  ranges 
and  narrow  intermontane  valleys     (see  Figure  3).     Two  of  the  larger  valleys  are 
broad  enough  to  be  considered  trenches.     The  Purcell  Trench  lies  west  of  the 
study  area  and  the  Rocky  Mountain  Trench  lies  to  the  east.     Within  the  study 
area,  the  relatively  narrow,  northwest -trending  Kootenai  valley  connects  the  two 
trenches. 

The  area  is  underlain  by  a  thick  conformable  sequence  of  Precarabrian 
metasediments  of  the  Belt  Supergroup,  consisting  primarily  of  argillite, 
siltite,  quartzite,  sandstone  and  carbonates  (limestone  and  dolomite)  of  varying 
purity  (Johns  1970).     These  Precambrian  rocks  have  been  subdivided  by  Ross 
(1959)  into  four  major  groups,  which  in  ascending  order  are:     (1)  the  pre- 
Ravalli  Group,  or  Prichard  Formation,     (2)  the  Ravalli  Group,     (3)  the  Piegan 
Group  and,     (4)  the  Missoula  Group.     Rocks  of  the  Prichard  Formation  and  (Piegan 
Group)  Wallace  formation  predominate  within  the  study  area  (Miller  1973,  Johns 
1970).     The  former  is  almost  entirely  argillite,  siltite  and  quartzite;  the 
latter  is  dominantly  a  carbonate.     Minor  amounts  of  diorite,  metadiorite  and 
gabbro  intrude  the  rock  sequence  locally.     All  of  the  rocks  have  been  subjected 
to  low-grade  metamorphism. 

The  area  has  a  complex  tectonic  history.     Structurally  it  is  characterized 
by  broad  to  tightly-compressed  and  shallow  to  deeply-folded  beds.     North  to 
northwest-striking  normal  faults  and  moderate-to-high  angle  overthrust  and 
reverse  faults  displace  the  folds   (Johns  1970).     Jointing  is  pronounced  and 
well-developed  in  Beltian  rocks  within  the  study  area.     Proximity  to  major 


faults  and  folds  exerts  an  important  control  on  joint  spacing  and  attitude, 
which  in  turn  influence  the  physical  integrity  and  suitability  of  bedrock  as 
foundation  materials  at  each  potential  dam  site. 

With  structural  influences  providing  the  basic  physiographic  control, 
extensive  Pleistocene  continental  and  alpine  glaciations  have  largely  modified 
the  landscape  to  its  present  form.     Accordingly,  surficial  deposits  within  the 
study  are  primarily  glacial  till  and  outwash,  and  river  alluvium.     There  are 
minor  deposits  of  glacial  lake  silts. 

Soils 

Most  of  soils  in  the  study  area  are  fluvially  or  glacially  derived. 
Extensive  continental  and  alpine  glaciation  during  the  Pleistocene  left  a 
complex  mixture  of  drift  in  the  Kootenai  River  valley.     Glacial  deposits  consist 
mainly  of  poorly  sorted  till,  partly  reworked  glacio-f luvial  materials  with 
interbedded  lenses  of  gravel,  clay  and  silt,  glacial  lake  sediments,  and  ice- 
contact  deposits.     These  deposits  vary  in  thickness  from  tens  to  hundreds  of 
feet,   lie  uncomformably  over  Precambrian  metasediments ,  and  are  generally 
widespread  in  the  study  area.     Notable  exceptions  are  the  inner  bedrock  gorges 
of  the  Kootenai  River  where  appreciable  Holocene  downcutting  has  removed  most 
Pleistocene  glacial  deposits. 

In  the  process  of  downcutting,  the  Kootenai  River  produced  a  series  of 
stepped  river  terraces  which  are  pronounced  in  the  vicinity  of  the  Yaak  River 
mouth.     These  terraces  commonly  have  gravelly  silt  loam  soils  formed  in  alluvium 
or  till,  and  are  capped  by  loess  that  contains  volcanic  ash.     Surface  soil  depth 
ranges   from  0  to  10  in.  with  subsoils   from  30  to  60  in.     Unified  Soils 
C 1  <iss  i  f  i  cat  ion  varies   from  ML  to  GP-GM  and  the  soils  have  a  low  shrink-swell 
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potential.     Infiltration  capacities  vary  from  about  0.6  in.     to  20  in/hr  (USDA 
1980;  Anderson  and  Hunter  1980). 

The  active  valley  flat  (floodplain)  in  the  vicinity  of  the  Kootenai  River 
tributaries  and  the  main  channel  consists  of  a  thin  layer  of  alluvium  overlying 
till  or  bedrock.     Recent  alluvium  is  mainly  well-drained  sand,  gravelly  sand, 
sandy  gravel,  and  gravel  with  cobbles  and  boulders   (all  SM  to  GP-GM,  GW) . 
Infiltration  capacities  in  the  area  generally  are  high  (2  to  20  in/hr)  and 
shrink-swell  potential  is  low  (Anderson  and  Hunter  1980) . 

Soils  derived  from  glacial  lake  sediments  are  of  relatively  minor  extent 
within  the  study  area.     Extensive  lake  silts  were  deposited  within  Pleistocene 
Glacial  Lake  Kootenai,  which  was  formed  when  ice  or  morainal  materials 
originating  in  the  Purcell  Trench  periodically  blocked  the  Kootenai  drainage  in 
the  vicinity  of  Bonner's  Ferry  (Alden  1953).     Thick  sequences  of  silt  are 
exposed  in  the  vicinity  of  Libby,  Lake  Creek  and  the  Bull  Lake  valley,  and  in  a 
high  terrace  above  the  Yaak  River  mouth.     However,  within  the  study  area, 
particularly  in  bedrock-confined  channel  reaches,  there  are  few  lake  silt 
deposits. 

More  detailed  site-specific  soils  data  for  the  study  area  are  included  in 
two  recent  reports  by  the  Soil  Conservation  Service  (Chugg  and  Fasberg  1980, 
Anderson  and  Hunter  1980). 


-27- 


Regional  Tectonics  and  Seismicity 


Introduction 

The  four  alternative  hydropower  sites  (Katka,  Rocky,  Ruby,  O'Brien  creeks) 

are  located  within  the  Purcell  Anticlinorium  (Figure  10)   (Harrison  1972,  USCE 
1978) .        This  geologic  and  tectonic  subprovince  lies  northwest  of  the  end  of  a 
continental  zone  of  contemporary  seismicity  known  as  the  Intermountain  Seismic 
Belt.     The  proximity  of  dam  sites   (especially  Katka)  to  major  regional 
structure:-,  such  as  the  Leonia  Fault  requires  that  special  attention  be  given  to 
local  and  regional  seismicity  in  dam  siting  and  design. 

This  reconnaissance  level  report  does  not  provide  detailed  site-  specific 
analysis  of  fault  activity  within  the  study  area.     However,  the  USCE  has  ^ 
performed  extensive  analyses  of  regional  tectonics  and  seismicity  with  emphasis 
on  an  area  within  a  100-mile  radius  of  the  proposed  Libby  Reregulation  Dam  (USCE 
1975b,   1978).     The  four  alternatives  considered  in  this  report  lie  roughly  30 
miles  due  west  of  the  Reregulation  Dam  site  and  within  three  miles  of  the  Leonia 
fault.     Figure  11  shows  the  location  of  the  Leonia  Fault  and  other  regional 
faults  within  the  study  area.     The  following  discussion  is  based  largely  on 
geologic  and  seismologic  work  by  USCE   (1975b,   1978)  for  the  Libby  Reregulation 
Dam  project. 

Generally,  the  Purcell  Anticlinorium  has  wide-spaced,  high-angle  faults 
(O'Brien  Creek  Fault,  Savage  Lake  Fault)  and  broad,  open- folds  of  north- 
northwest  orientation  (Sylvanite  Anticline,  Kootenai  Anticline).     This  northern 
subprovince  is  separated  from  a  more  active  southern  Rocky  Mountain  province  by 
the  Lewis  &  Clark  line,  a  zone  of  major  left-lateral  faulting  which  forms  part 
of  the  Montana  lineament   (Figure  10) .     Structural  trends  and  geology  truncate 
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along  this  line  and  severe  seismic  disturbances  have  only  occurred  south  of  the 
line  within  historic  times.     Recent  studies  by  the  USCE  (1978)  indicate  that  the 
area  of  the  Purcell  Anticlinorium  exhibits  only  scattered  historic  seismicity 
and  is  not  a  region  of  historic  large  magnitude  (greater  than    5.5  Richter 
magnitude)  earthquakes. 

Detailed  studies  of  exploratory  trenches  in  glacio-f luvial  sediments 
overlying  major  faults  near  the  Libby  Reregulation  Dam  site  revealed  that  the 
faults  (Pipe  Creek  Fault,  Blue  Mountain  Fault,  Rainy  Creek  Fault)  have  been 
inactive  for  at  least  the  Holocene  and  probably  for  more  than  45,000  to  85,000 
years  (Slemmons  1977).     Slemmons  also  indicated  that  5.5  is  the  maximum 
earthquake  magnitude  expected  in  the  region. 

Detailed  fault  studies  revealed  no  capable  faults  near  the  Reregulation  Dam 
site,  so  seismotectonic  zoning  and  seismic  source  analysis  were  used  to 
determine  a  design  earthquake  for  the  Reregulating  Dam.     Figure  11  shows  the 
regional  historic  distribution  of  earthquakes.     There  are  distinct  clusters  of 
activity  in  the  Flathead  Lake,  Helena,  Yellowstone,  and  Idaho  Batholith  areas. 
Figure  12  shows  the  distribution  of  earthquakes  in  relation  to  the 
seismotectonic  zones   (USCE  1978) . 

With  source  areas  identified,  USCE  prepared  Table  5,  showing  the  distance 
from  the  Reregulation  Dam  site  to  the  nearest  boundaries  of  potential  seismic 
source  zones,  the  maximum  intensity  and  magnitude  of  earthquake  expected  for  the 
seismic  risk  zone,  and  the  attenuated  intensities  for  the  Reregulation  site. 

On  the  basis  of  these  and  other  analyses,  the  USCE  concluded  that  the  most 
severe  seismic  hazard  at  the  Reregulation  site  would  be  generated  by  an 
earthquake  in  the  Purcell  Anticlinorium.     Motions  attenuated  to  the  Reregulation 
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Figure  10.    Regional  Seismotectonic  Zones 
for  Libby  Reregualtion  Project 
(Source:    USCE  1978a) 


t) 


I 


.  --^ — <sf 


.■,i-vV 


/// , 


■  5 


J 


o  ■■ 

O 


S  S  .  »  t  t  i 

O  1         *    H    i    1  S 


Figure  11.    Regional  Geologic,  Structural 
and  Seismic  Setting. 

(Source:    USCE  1978a) 
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Table  5  .   INTERPRETED  PEAK  GROUIID  MOTIONS  * 
AT  LIBBY  REREGULATING  DAM  SITE 


Libby  Reregulatj 
Dam  Site  3/ 
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M 
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ELE1-!ENTS  IN/OR    MAX.  HISTORIC  INTENSITY 
SEISMIC  RISK          INTENSITY        AT  SITE 
ZONE  MM  (MM)1/ 


Purcell  VII 
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Levis  &  Clark  VIII 
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Flathead  Lake  VIII 
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site  would  have  peak  values  of  0.2  g  acceleration,  24  cm/sec  velocity,   12  cm 
displacement,  and  would  result  from  a  5.5  Richter  magnitude  earthquake  centered 
10  miles  away,  or  a  6.5  magnitude  earthquake  located  more  than  25  miles  away. 

The  study  area  is  located  within  Coffman  and  Von  Hake's   (1973)  seismic  risk 
zone  2.     Algermissen  and  Perkins   (1976)  preliminarily  identified  the  area  as 
having  a  10%  probability  of  acceleration  exceeding  . 04g  in  a  50-year  interval 
(see  Figure  13).     The  preliminary  map  shown  in  Figure  13  currently  is  nearing 
completion.     F.A.  McKeown,  a  USGS  goephysicist ,   reports  that  Algermissen  and 
Perkins  now  estimate  that  the  general  area  of  the  Kootenai  River  hydroelectric 
project  may  have  a  10%  probability  of  acceleration  exceeding  O.lg  in  a  50-year 
interval  (McKeown  1980).     This  is  an  increase  over  the  preliminary  figure  of 
0.04g. 

Major  Faults 

Although  these  data  are  applicable  to  the  alternative  sites  in  a  regional 
sense,  site-specific  studies  of  major  faults  within  the  study  area  would  be 
required  to  establish  the  probability  of  higher  local  accelerations  from  a  local 
earthquake.        The  Leonia  and  O'Brien  Creek  -  Savage  Lake  Faults  are  major 
faults  which  generally  parallel  the  Kootenai  River  and  pass  within  three  miles 
of  the  dam  sites   (Figure  11)   (Johns  1970). 

The  Leonia  fault  is  a  regional  high-angle  overthrust  fault  70  to  100  miles 
long  (Kirkham  1930,  Johns  1970).     From  Brush  Creek,  three  miles  west  of  Troy, 
the  Leonia  fault  strikes  N25  degrees  W  to  35  degrees  W  and  dips  near  vertically 
to  the  west.     In  the  Star  Creek-Ruby  Creek  area,  apparent  vertical  displacement 
in  Belt  Rock  is  about  32,000  ft.    (Johns  1970).     The  Leonia  fault  trace  is 
coincident  with  the  bed  of  the  Kootenai  River  for  the  westernmost  portion  of  the 
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Study  Area--    Kootenai  River  Alternative  Sites 
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Figure  13.      Preliminary  Map  of  Horizontal 
Acceleration  (expressed  as 
percent  of  gravity)  in  Rock 
with  90  Percent  Probability 
of  Not  Being  Exceeded  in  50 
Years . 


study  area  and  leaves  the  bed  of  the  river  about  1,500  feet  upstream  of  the 
Katka  Dam  site  (Erdman  1947). 

The  O'Brien  Creek-Savage  Lake  fault  is  a  normal  fault  with  a  steep  west  dip 
and  downthrow  to  the  west.     The  O'Brien  branch  is  a  major  fault  about  30  miles 
long,  which  crosses  the  Kootenai  River  two  miles  east  of  the  O'Brien  Creek  site. 
The  Savage  Lake  fault  is  a  north-northwest  trending  high-angle  fault  which 
connects  with  the  O'Brien  Creek  Fault  about  eight  miles  north  of  Troy,  crosses 
the  Kootenai  River  three  miles  east  of  the  O'Brien  Creek  site  and  connects  with 
the  northward  extension  of  the  Bull  Lake  fault  (Gibson  1948,  Johns  1970  ). 

Both  faults  probably  have  long  complex  histories  which  may  date  from 
Precambrian  time  (Johns  1970).     Pardee  (1950),   in  a  systematic  study  of  active 
faults  in  Idaho  and  western  Montana,  suggested  that  most  of  the  trenches  in  the 
region  (including  the  southern  end  of  the  Rocky  Mountain  trench.  Bull  Lake-Lake 
Creek  Valley  trench,  and  the  Libby  trench)  were  formed  in  Pliocene  to  mid- 
Quaternary  time  (7  million  years  to  1.5  million  years  ago).     Pardee  (1950)  and 
Gibson  (1948)  mentioned  a  possible  60-foot  Holocene  scarp  along  the  Bull  Lake 
fault  in  the  Lake  Creek  valley  near  Crowell  Creek.     Gibson  apparently  was  unable 
to  resolve  whether  the  scarp  was  due  to  differential  erosion  or  surface 
faulting. 

Pardee  (1950)  also  interprets  Kootenai  Falls  as  a  knickpoint  propagated 
upstream  as  the  result  of  recent  uplift  along  the  O'Brien-Savage  Lake  fault. 
This  suggestion  is  based  on  the  apparent  lack  of  association  between  glacial 
features  of  the  region  and  the  origin  of  the  falls,  the  likelihood  of  isostatic 
adjustment  along  the  formerly  ice-depressed  fault  block,  and  the  ability  of  the 
Kootenai  River  to  erode  the  relatively  unresistant  bedrock  since  Pleistocene 
time.     However,  additional  mechanisms  may  be  responsible  for  the  evolution  of 
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the  Kootenai  Falls.     Beds  at  the  falls  consist  of  quartzite  underlain  by  and 
interbedded  with  less  resistant  siliceous  carbonate.     Both  dip  eastward  (up- 
river)  about  15  to  40  degrees.     Differential  erosion  across  dipping  strata  of 
differing  lithology  and  subsequent  upstream  migration  of  the  knickpoint  is  a 
relatively  common  mechanism  of  waterfall  origin.     It  is  probably  the  dominant 
mechanism  operating  to  form  the  Kootenai  Falls.     Isostatic  adjustment  or  fault 
activity  would  tend  to  accelerate  the  process. 

In  summary,  the  alternative  sites  lie  within  a  moderate-to- low  seismic  risk 
zone  with  regional  accelerations  on  the  order  of  0 . Ig  having  a  10%  probability 
of  being  exceeded  in  a  50-year  period.     Because  of  the  proximity  of  the 
alternative  sites  to  major  faults,  site-specific  fault  studies  should  be 
incorporated  into  the  development  of  a  design  earthquake,   if  the  sites  are 
developed. 

Ill     Description  of  Alternatives 

Introduction 

Northern  Lights  in  its  FERC  application  proposed  four  alternative  dam  sites 
(Katka,  Rocky,  Ruby  and  O'Brien  Creek)  (Northern  Lights  Inc.   1978).        In  this 
application,  the  proposed  Kootenai  River  Alternative  Hydropower  scheme  would 
involve  development  of  two  previously  recognized  sites   (Katka  and  Rocky  Creek  or 
Tunnel  #8)  and  possible  development  of  previously  unidentified  sites  (Ruby  and 
O'Brien  Creeks)   (Erdman  1947).     These  alternatives  are  listed  below: 
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Av .  Annua 1 
Energy 

Site  Pool  el   (ft.msl)        Capacity  (MW)     Million  Kwh 

Combined  Project 

Katka  Cr.  1817  58.2  218 

Rocky  Cr.  1842  39.3  151 

Ruby  Cr.  1868  41.2  157 

TOTAL  138.7  526 


Single  Project 

Katka  '       1862  144.0  534 

These  represent  the  alternatives  at  the  time  of  design  of  this  study  and 
during  most  of  the  data  collection.     Subsequent  to  a  request  from  DNRC,  the 
applicant  provided  a  more  detailed  engineering  analysis  of  the  originally 
proposed  alternatives  and  determined  the  most  practical  alternative  developments 
to  be  as  follows  (HARZA  1980). 
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Site 


Pool  el  (ft.msl) 


Annual 

Power  energy 
Rating  (MW)         (million  Kwh) 


Two  Dam  Alternatives 


Katka 
Rocky  Cr. 


1817 
1868 


50 
80 


214 
327 


TOTAL 


130 


541 


Kootenai  Falls 

(lowered) 
Rocky  Cr. 


1990 


1857 


125 


59 


449 


246 


TOTAL 


184 


695 


Single  Dam  Alternative 


High  Katka 


1862 


138 


546 


The  applicant's  engineering  analysis  and  design  of  alternative  Kootenai  River 
hydropower  sites  is  summarized  in  Table  6. 

Information  collected  for  this  report  supports  the  applicant's  decision  to 
eliminate  the  O'Brien  and  Ruby  Creek  sites  from  further  consideration.  This 
information  along  with  site-specific  and  reconnaissance- level  data  for  the  Katka 
1817  (low  Katka),  Katka  1862  (high  Katka),  Rocky  Creek  1868,  Ruby  Creek  1868, 
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Table  6. 

CHARACTERISTICS  OF  KOOTENAI  RIVER  HYDROPOWER  ALTERNATIVES* 


Mean 


Project 

Dam 
Type 

Est. 

Height 

(ft.) 

Est. 

Length 
(ft.) 

Gross 

Head 

(ft.) 

Instal led 
Capaci  ty 
(MW) 

Annual 

Average 

Energy 

Pool 

Elevation 

Reservoir 

Length 

(Miles) 

Rail  road 

Relocation 

(ft.) 

Total 
Cost 

($  million) 

Katka 
1862 

concrete 
gravi  ty 

410' 

675' 

81' 

138  MW 

546000 
mwh 

1862  ft. 

18  mi. 

80,400  ft 

$382 

Katka 
1817 



concrete 
gravi  ty 

367' 

675' 

36' 

50  MW 

214000 
mwh 

1817  ft. 



8  mi. 

$280 

Rocky  Cr. 
1868 

concrete 
gravi  ty 

198' 

700' 

51' 

80  MW 

327000 
mwh 

1868  ft. 

11  mi . 

$195  1 

Al ternative 
total 

130  MW 

541000 

19  mi. 

80,400  ft 

$475  ! 

1 

Rocky  Cr. 
1857 

concrete 
gravi  ty 

185' 

700' 

40' 

59  MW 

246000 
mwh 

1857  ft. 

10  mi. 

$166  i 

1 

Kootenai 
Falls  1990 

concrete 
gravity 

+20' 

925' 

79-96' 

125  MW 

449000 
mwh 

1990  ft. 

2.3  mi. 

$225  ' 

i 
1 

Al ternative 
total 

184  MW 

695000 

12.3  mi. 

45,200  ft 

$391 

*SOURCE:  (Harza  1980) 


c 


and  O'Brien  Creek  1917  alternatives  is  presented  in  the  final  portion  of  the 
report . 

Site  Specific  Engineering  Data 

Detailed  engineering  information  (ie.  dam  design,  railroad  relocation)  for 
the  alternates  is  available  in  a  report  titled  "Alternative  Power    Sites  on  the 
Kootenai  River"  (HARZA  1980)  and  is  not  given  here.     Instead,  a  brief 
description  of  the  salient  engineering  aspects  of  each  project  is  given. 

In  general,  each  of  the  sites  is  located  on  a  constricted,  bedrock- 
controlled  reach  of  the  lower  Kootenai  River.     The  Ruby  Creek  site  is  an 
exception  in  that  it  is  located  in  a  broad  valley  bottom  with  the  left  (looking 
downstream)  abutment  in  fractured  bedrock  and  the  right  abutment  in  alluvium  and 
colluvium,  with  bedrock  depth  and  extent  uncertain. 

Civil  Structures 

The  proposed  civil  structures  for  the  different  alternatives  at  any  one  site 
differ  only  in  the  amount  of  head  to  be  developed.     Characteristics  of  the 
proposed  dams  are  given  in  Table  6.     The  estimated  great  depth  to  bedrock  at  the 
Katka  site  would  require  a  very  large  dam  in  comparison  to  the  amount  of  head 
developed.     Katka  (1817)  would  require  a  367  foot  high  structure  to  develop  36 
feet  of  head  (HARZA  1980).     Analysis  of  the  alternative  types  of  structures 
indicated  the  least  costly  option  would  be  a  concrete-gravity  dam  with  integral 
spillway  and  power  station.     This  design  would  involve  construction  of  a  large 
diversion  tunnel  capable  of  passing  26,000  cfs.     Figures  14  and  15  show  the 
proposed  designs  for  the  Katka  1817  and  1862  alternatives. 
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As  with  the  Katka  site,  the  proposed  alternative  developments  for  the  Rocky 
Creek  Site  (1857  and  1868)  are  similar  and  differ  mainly  in  amounts  of  head  that 
would  be  developed.     However,  the  bedrock  is  thought  to  be  at  shallower  depth 
than  at  Katka  and  permits  greater  flexibility  in  site  layout  (HARZA  1980).  The 
least  costly  alternative  at  Rocky  Creek  would  require  excavation  of  a  forebay  on 
the  right  bank  to  lead  headwater  to  a  power  station  which  would  nearly  parallel 
the  natural  right  bank  of  the  river  (see  Figure  16).     The  concrete-gravity  dam 
with  its  spillway  gates  would  extend  across  the  left  portion  of  the  river  at 
roughly  a  58  degree  angle  to  the  power  station.     A  diversion  tunnel  with  the 
capacity  to  pass  26,000  cfs  would  be  constructed  on  the  right  bank  to  pass  river 
flow  during  construction  (HARZA  1980). 

HARZA  did  not  prepare  detailed  layouts  for  the  Ruby  Creek  and  O'Brien  Creek 
sites.     For  the  purposes  of  this  report  it  was  assumed  that  they  would  be  low, 
concrete-gravity  structures. 

Railroad  Relocation 

Because  of  the  close  proximity  of  the  Burlington  Northern  Railroad  to  the 
Kootenai  River  between  Troy  and  the  Montana-Idaho  border,  two  of  the  proposed 
alternatives  would  require  extensive  railroad  relocation  (See    Figures  17  and 
18)  .        The  required  railroad  relocations  for  Katka  1862  would  be  approximately 
the  same  as  for  the  combination  of  Katka  1817  and  Rocky  Creek  1868.  The 
principal  feature  of  this  relocation  would  be  a  52,200  foot  tunnel  rising  at 
0.11%  grade  eastbound.     This  would  be  the  longest  railroad  tunnel  in  the  United 
States.     The  relocation  would  eliminate  the  present  Leonia  siting.     The  former 
Katka  siding  would  be  restored  and  the  Yakt  siding  would  be  relocated.     Five  new 
bridges  would  be  required  for  stream  crossings   (HARZA  1980). 
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The  relocation  requirements  for  the  Rocky  Creek  1857 -Kootenai  Falls  1990 
two-dam  alternative  are  much  shorter  than  either  alternative  involving  the  Katka 
site.     A  tunnel  15,000  feet  long  would  be  required  at  Rocky  Creek,  along  with 
another  4,000  feet  of  relocation  at  the  Kootenai  Falls  1990  site  (HARZA  1980). 

Either  the  Ruby  Creek  1868  or  the  O'Brien  Creek  1917  sites  would  require 
approximately  one  to  two  miles  of  railroad  relocation. 

Reservoir  Pools 

The  length  of  reservoir  for  each  alternative  is  given  in  Table  6. 
Gen£;rdlly,   in  the  vicinity  of  the  bedrock-confined  reaches,  the  high  valley 
side-slope  angle  would  restrict  the  lateral  extent  of  reservoir  backwaters.  In 
alluvial  reaches  where  the  river  is  less  confined,  the  pool  extent  would  be 
greater.     Figure  17  shows  the  pools  that  would  be  created.     Pool  boundary 
estimates  are  based  on  simple  straight- line  extrapolation  of  estimated  reservoir 
operating  levels  on  river  profiles.     Without  the  benefit  of  backwater  curve 
analysis,  the  estimates  are  neccessarily  approximate. 

Exhibit  1  (Generalized  Surficial  Geology)  depicts  pool  boundaries  at 
1:24,000  scale.     For  clarity,  only  the  Katka  1862,  Rocky  and  Ruby  Creek  1868, 
and  O'Brien  Creek  1917  pool  boundaries  are  delineated.     The  Low  Katka  (1817) 
pool  would  lie  just  inside  the  High  Katka  (1862)  pool  and  terminate  about  seven 
miles  upstream  from  the  dam  in  the  vicinity  of  the  gaging  station  at  Leonia. 
The  Low  Rocky  Creek  (1857)  pool  would  lie  just  inside  the  High  Rocky  Creek 
(1868)  pool  boundary  and  would  end  about  two  miles  downstream  of  the  Highway  2 
bridge  on  the  Kootenai  River. 
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IV.     Surficial  Geology  of  Study  Area 


Pleistocene  History 

Pleistocene  glaciation  and  subsequent  fluvial  action  have  produced  the 
landforms  and  surficial  deposits  within  the  study  area.         During  the 
Pleistocene,  continental  glaciation  eroded  and  deposited  vast  quantities  of 
glacial  drift  and  outwash  in  the  study  area.   Ice  was  at  least  2,500  ft.  thick  in 
the  Libby  area  and  probably  about  the  same  thickness  in  the  study  area  (Alden 
1953).     The  exact  chronology  and  sequence  of  glacial  events  in  northwestern 
Montana  has  yet  to  be  determined. 

Glacial  drift  deposited  in  the  study  area  consists  primarily  of  poorly 
sorted  till  with  subordinate  sand  and  gravel  and  discontinous  lenses  of  sand  and 
silt.  Glaciof luvial  and  ice-contact  deposits  resulting  from  melting  of  the  ice 
sheet  are  widespread  in  the  study  area. 

Periodically,  water  was  ponded  by  a  lobe  of  ice  in  the  Purcell  Trench  west 
of  the  study  area,  forming  glacial  Lake  Kootenai  in  the  valleys  of  the  Kootenai 
River  and  its  tributaries  (Alden  1953).  The  lake  level  reached  2600  ft  msl  and 
lacustrine  beds  were  deposited.     Remnants  of  these  lakebeds  are  evident  in  the 
Libby  and  Lake  Creek  -  Bull  Lake  valleys,  and  may  be  present  on  the  high 
terraces  flanking  the  study  area. 

Deglaciation  of  the  area  approximately  10,000  yrs .  ago  initiated  downcutting 
of  the  Kootenai  River  bed  and  formation  of  a  set  of  river  terraces .  These  are 
particularly  we 11 -developed  between  the  Yaak  River  mouth  and  Troy  at  elevations 
of  2200  and  2500  ft.    (Dahlem  1959).  This  downcutting  (probably  in  response  to  a 
change  in  base  level,  stream  regimen  and  isostatic  adjustment)  produced  narrow 
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constricted  canyons  where  the  post-glacial  bedrock,  relief  was  high,  and  wider 
alluvial  reaches  where  bedrock  relief  was  low. 

Surficial  Geology 

Generalized  surficial  geology  of  the  study  area  is  presented  in  Exhibit  1. 
The  reconnaissance  level  1:24,000  -  scale  map  was  prepared  in  cooperation  with 
GeoServices  West  (O'Haire  and  Bateridge  1980).     It  is  based  on  review  of 
existing  geology  and  soils  literature,  a  walking  traverse  of  the  river  along  the 
railroad  tracks  from  Leonia  to  Katka,   limited  field  inspection  of  each  dam  site, 
and  review  of  false-color  infrared  photography  of  the  study  area.  Particular 
emphasis  was  placed  on  identification  of  reservoir  boundary  materials.  Well 
logs  were  reviewed  to  provide  information  on  groundwater  and  subsurface 
materials.     Field  work  was  done  in  November  of  1980. 
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A  description  of  map  units  is  as  follows: 
Holocene  Alluvium: 

This  consists  of  relatively  well-sorted  silt,  sand,  gravel,  and  cobbles 
reworked  from  glacial  deposits  by  streams.  These  deposits  occupy  the 
beds  of  existing  water  courses,  mid-channel  islands,  point  bars  and  the 
fringe  of  study  area  river  channels.     Alluvium  varies  widely  in 
composition  but  generally  tends  to  be  coarse  near  the  present  channel 
and  has  a  surficial  fiftieth  percentile  (intermediate)  diameter 
generally  between  30  and  150mm.  The  alluvium  is  generally  more 
permeable  than  glacial  deposits.     Well  yields  from  similar  deposits  in 
the  Libby  valley  range  from  100  to  500  gal/min  (Boetcher  and  Wilke 
1978).     For  the  study  area,  well  yields  of  15-50  gal/min.  are  common 
(see  well  logs.  Appendix  B). 

Quaternary  Glacial  Deposits: 

These  are  undifferentiated  glacial  till  and  glacio-f luvial  materials 
which  consist  of  poorly-sorted  mixtures  of  boulders,  cobbles,  gravel, 
silt  and  clay.  Glacial  deposits  overlie  Precambrain  metasediments  and 
probably  reach  a  thickness  of  several  hundred  feet  near  Troy.  The 
exact  thickness  is  unknown  because  wells  do  not  completely  penetrate 
the  glacial  deposits.     Well  log  26  (Appendix  B)  indicates  a  continous 
depth  of  glacial  materials     greater  than  144  ft. 

In  the  vicinity  of  the  axis  of  the  Ruby  Creek  Dam,  well  log  16 
indicates  a  thickness  of  at  least  200  ft  of  glacial  materials.  Other 
shallower  wells  in  the  area  do  not  penetrate  the  surficial  deposits. 
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Well  log  18  indicates  a  subsurface  promontory  of  bedrock  covered  with 
six  ft.  of  sand  about  1800  ft.  upriver  of  the  proposed  Ruby  Creek  dam 
axis.  Significant  glacial  deposits  are  not  found  within  the  proposed 
pool  boundaries  downstream  of  the  confluence  of  the  Kootenai  and  Yaak 
Rivers.  Wells  tapping  glacial  deposits  commonly  have  yields  in  the 
range  of  5  to  35  gal/min. 

Quaternary  Lakebeds 

Lacustrine  deposits  of  silt  and  clay  are  buff  in  color  and  thinly 
laminated.     Laminae  are  commonly  1/8  in.  or  less  in  thickness.  As 
previously  mentioned,   lake  beds  are  not  extensively  exposed  in  the 
study  area.     Two  occurrences  are  indicated  on  Exhibit  1.  Lake  silts  are 
highly  impermeable  and  no  wells  in  the  area  draw  water  from  lake  bed 
deposits . 

Precambrian  Metasediments 

Almost  all  bedrock  in  the  study  area  consists  of  Precambrian 
metasediments  of  the  Belt  Supergroup.  These  rocks  consist  of  limestone, 
calcareous  argil lite,  siltite,  sandstone  and  quartzite  with  local 
intrusions  of  Purcell  sill.     These  metasediments  as  mapped  by  Johns 
(1970),  Erdman  (1947),  Gibson  (1948)  and  Miller  (1973)  belong  to  the 
Prichard  and  Wallace  Formations.     The  engineering  integrity  of  exposed 
bedrock  varies  primarily  as  a  function  of  proximity  to  local  faults  and 
folds.  Generally  the  bedrock  exposures  in  the  study  area  are  restricted 
to  cliffs  adjacent  to  the  river.  Minor  (10  to  50  ft.  horizontal  extent) 
colluvial  deposits  are  found  at  the  base  of  most  bedrock  exposures  and 
consist  of  coarse  talus. 
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Reservoir  Boundary  Materials 


Katka  Creek  1862  and  1817 


Construction  of  the  High  Katka  Dam  with  a  crest  elevation  of  1862  ft.  would 
create  a  reservoir  approximately  18  miles  long,  extending  to  the  vicinity  of 
Troy.  Of  this  length,   10.5  miles  would  be  within  a  bedrock  gorge  extending 
upstream  to  the  mouth  of  the  Yaak  River.  Pool  boundary  materials  in  this  section 
would  be  mainly  bedrock  and  colluvium.  Two  significant  areas  of  colluvium 
(probably  fault-related)  are  shown  on  Exhibit  1  and  might  pose  stability 
problems  if  saturated. 


From  the  Yaak  River  mouth  upstream,  the  Kootenai  Valley  widens,  with  bedrock 
and  glacial  deposits  being  the  dominant  pool  boundary  materials.     Between  Troy 
and  the  Yaak  River,  extensive  low- lying  glacial  deposits  would  be  submerged  or 
saturated  by  shallow  groundwater  caused  by  the  reservoir.  A  pool  at  1862  feet 
would  inundate  most  of  the  Quaternay  alluvium  known  to  exist  within  the  study 
area. 


A  Low  Katka  (1817)  dam  would  create  a  pool  about  eight  miles  long  extending 
to  the  vicinity  of  the  USGS  gaging  station  at  Leonia.  The  pool  boundary  material 
would  consist  almost  entirely  of  bedrock  and  colluvium. 

Rocky  Creek  1868  and  1857 


c 


The  Rocky  Creek  1868  pool  would  be  approximately  11  miles  long  and  extend  to 
near  the  mouth  of  Lake  Creek.     Of  this,  the  3.5  miles  extending  to  the  Yaak 
River  mouth  would  be  in  a  bedrock  gorge.  The  pool  boundary  upstream  from  the 
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Yaak  River  would  lie  mainly  in  glacial  deposits.     In  areas  where  the  pool 
boundary  lies  adjacent  to  low- lying  glacial  deposits  or  recent  alluvium,  shallow 
ground  water  could  be  anticipated. 

The  Rocky  Creek  1857  pool  would  have  much  the  same  boundary  materials  as 
Rocky  Creek  1868. 

Ruby  Creek  1868 

The  Ruby  Creek  1868  pool  would  extend  approximately  five  miles  upstream  to 
the  mouth  of  Lake  Creek.  The  pool  would  have  glacial  deposits  on  one  side  or  the 
other  for  its  entire  length.     Scott  Island  and  the  point  bar  immediately 
downstream  would  be  submerged. 

O'Brien  Creek  1917 

A  dam  at  O'Brien  Creek  (1917)  would  create  a  pool  about  4.7  miles  long, 
extending  approximately  to  the  base  of  Kootenai  Falls   (in  the  vicinity  of 
tailrace  outlet  for  proposed  Kootenai  River  hydroelectric  project).     The  upper 
one-third  would  be  in  the  bedrock  gorge  below  Kootenai  Falls;  the  lower  two- 
thirds  would  be  in  glacial  sediments.     Low-lying  areas  adjacent  to  the  pool 
could  become  saturated  and  experience     shallow  groundwater. 
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A  summary  of  estimated  reservoir  boundary  materials  for  each  alternative  is 
provided  below. 

Table  7.     Reservoir  Shoreline  Materials  -  percentages  of  each  map  unit 
per/ alternative 

Pool  Bedrock  Glacial  Deposit  Lakebed  Deposit  Alluvium  Pool  Length 
(mi)       '   


Katka  1862 

75 

20 

1 

5 

18 

Rocky  Creek  1868  &  1857 

70 

20 

0 

10 

11 

Ruby  Creek  1868 

30 

45 

5 

20 

5 

O'Brien  Creek  1917 

10 

50 

0 

10 

5 

Potential  Areas  of  Elevated  Groundwater 

Where  materials  adjacent  to  the  pool  boundaries  consist  of  relatively 
permeable  outwash  till  and  alluvium,   it  is  reasonable  to  assume  that  groundwater 
levels  eventually  would  rise  to  approximately  the  elevation  of  the  pool  boundary 
(Davis  and  Deweist  1966).     On  the  basis  of  topography  and  distribution  of 
surficial  deposits,   it  is  possible  to  broadly  identify  areas  of  potential  year- 
round  shallow  (10  ft.  or  less  below  ground  surface)  groundwater.  Because  of  the 
complex  stratigraphy  (interbedding  of  sands,  gravels,  and  silt-clay  levels,  as 
indicated  on  study  area  well  logs)  of  glacial  deposits  and  variations  in  local 
water  balance,  precise  delineation  of  reservoir-induced  elevated  groundwater 
areas  was  not  possible  in  this  reconnaissance- level  investigation. 

The  major  areas  where  shallow  groundwater  could  be  anticipated  are: 


1)  the  floodplains  and  low  terraces  along  the  Kootenai  River  upstream  from  the 
mouth  of  the  Yaak  River, 
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2)  the  low-lying  areas  in  the  vicinity  of  the  Kootenai  Vista  subdivision 
(adjoining  the  Ruby  Creek  site)  and  upstream  of  the  Ruby  Creek  site, 


3)     the  area  of  Troy,  Montana  (much  of  Troy  is  at  an  elevation  of  1880  to  1888 
ft.  msl). 

The  areal  extent  of  shallow  groundwater  depends  on  the  pool  elevation  and  on 
the  elevation  and  composition  of  reservoir  boundary  materials.  The  percentage  of 
total  reservoir  shoreline  with  adjacent  areas  of  potential  shallow  year-round 
ground  water  is  summarized  below  for  each  alternative  project. 

Table  8.     Estimated  extent  of  shallow  groundwater  for  reservoir  pools. 

7o  Shoreline  with 
adjacent  areas  of 
potential  shallow 

Pool  Elevation  (ft  msl)        Groundwater  Pool  Length  (mi) 


Katka  1862  15%  18 

Katka  Creek  1817  5%  8 

Rocky  Creek  •         1868  30%  11 

Ruby  Creek  1868  40%  5 

O'Brien  Creek  1917  30%  5 


Geology  of  Dam  Sites 


The  following  discussion  is  based  on  limited  field  investigation  of  the 
sites  and  on  review  of  literature  pertaining  to  them.     Erdman  (1947) 
investigated  the  Katka  and  Rocky  Creek  sites  and  his  mapping  provides  the  best 
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geologic  detail  for  determining  the  relative  suitability  of  these  sites.  The 
descriptions  of  the  Katka  and  Rocky  Creek  sites  are  based  on  his  work.  More 
recently,  HARZA  (1980)  provided  reconnaissance- level  engineering  and  geologic 
data  for  each  of  the  sites,  and  described  potential  engineering  problems  at 
each.     The  work  of  Kirkham  (1939),  Gibson  (1948),  Pardee  (1950),  Dahlem  (1959), 
Johns   (1970)  and  Miller  (1973)  also  was  reviewed. 

Katka  Creek  Site 

The  Katka  site  is  located  near  a  sharp  bend  in  the  Kootenai  River  about 
three  miles  west  of  the  Montana/Idaho  border  and  one  mile  upstream  from  the  old 
Katka  railway  station.  Bedrock  in  the  dam  site  area  consists  mainly  of  the 
Prichard  Formation  and  Moyie  Sill,  with  minor  amounts  of  Wallace  Formation 
present.  Figure  19^  shows  dam  site  geology  as  mapped  in  detail  by  Erdman  (1947). 

The  Prichard  Formation  at  this  site  is  quartzite  and  argillite  and  is 
locally  contact  metamorphosed.   In  the  immediate  vicinity  of  the  dam  site,  beds 
strike  north-northwest  and  dip  50  to  70  degrees  northeast. 

A  major  feature  of  the  dam  site  is  a  large  sill  about  700  ft.   thick  which 
has  intruded  into  the  gray  quartzite  of  the  Prichard  Formation.     The  top  of  the 
sill  dips  about  73  degrees  east,  and  beds  near  the  base  dip  52  degrees  to  57 
degrees  east.  The  variation  in  dip  gives  the  mass  a  wedge-shaped  cross -section 
and  suggests  that  it  may  "pinchout"  with  depth.  The  sill  strikes  north  25  to  30 
degrees  west  and  as  described  by  Erdman  (1947)  is  a  fine-to-coarse-grained, 
dark-green  hornblendite  or  hornblende  gabbro.  The  sill  is  more  resistant  to 
erosion  than  quartzitic  Prichard  rocks  and  forms  a  ridge  in  the  vicinity  of  the 
dam  site. 
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Figure  19.    Geologic  Map  and  Cross-sections  of  Katka  Dam  Site 

(Source:    Erdman  1947) 
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Erdman  estimated  that  the  sill  has  a  specific  gravity  of  about  3,  that  the 
ultimate  crushing  strength  of  the  rock  was  about  25,000  PSI,  and  that  the  sill 
was  relatively  unaffected  by  weathering. 


The  following  joints  were  observed  (by  Erdman)  in  the  abutments: 


Table  9.  Joint  Pattern  at  Katka  Dam  Site, 


Right  Abutment 


Left  Abutment 


Strike 


Dip 


Strike 


Dip 


N  68  degrees  W 
N  28  degrees  W 
N  64  degrees  E 
N  80  degrees  E 
N  47  degrees  E 


62  degrees  W 
62  degrees  E 
88-90  degrees  S 
64  degrees  S 
67  degrees  N 


N  42  degrees  W    48  degrees  W 

N  65  degrees  E  vertical 

N  58  degrees  E     69  degrees  N 


Joints  in  the  right  abutment  are  closely  spaced  (about  one  to  four  feet 
apart).     Joints  in  the  left  abutment  are  spaced  at  wider  intervals  (about  20 
ft.).     Intervening  areas  are  thorougly  jointed  by  a  second  set  of  fractures 
dipping  NW  and  W  at  low  angles --Erdman  considers  these  to  be  older  joints.  The 
joint  patterns  in  both  abutments  indicate  two  sets  of  master  joints;  the  first 
set  strikes  N  42  degrees  W  and  dips  48  degrees  W,  and  the  second  set  strikes  N 
65  degrees  E  and  dips  nearly  vertical.     The  first  set  strikes  normal  to  the 
direction  of  stream  flow,  which  is  unfavorable  for  leakage,  but  dips  in  a 
direction  favoring  leakage.     However,  these  joints  are  not  closely  spaced  and 
percolation  through  them  probably  would  not  be  as  effective  as  it  would  be  along 
joints  of  the  second  set,  parallel  to  the  direction  of  streamflow. 
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There  are  several  faults  of  possible  engineering  significance  at  the  Katka 
site.     Most  significant  among  these  is  the  Leonia  Fault  which  lies  about  1,500 
ft.   east  of  the  dam  site  and  strikes  to  the  northwest  (see  figure  19).  As 
indicated  earlier,  this  fault  would  require  detailed  geotechnical  investigation 
to  determine  last  age  of  movement  and  to  aid  in  estimation  of  a  design 
earthquake  for  a  structure  at  Katka. 

Erdman  estimated  the  channel  cross -section  and  dam  section  to  be  as 
indicated  in  the  lower  right  A-B  section  of  figure  19.     At  the  time  of  survey 
(September  1934)  the  water  surface  width  was  280  feet  and  maximum  water  depth 
was  50  ft.     Erdman  further  estimated  that  a  masonry  or  concrete  dam  at  the  site 
would  be  located  entirely  within  the  Moyie  Sill  and  would  require  a  foundation 
about  60  feet  deep. 

Rocky  Creek  Site 

The  Rocky  Creek  or  Tunnel  No.   8  Dam  site  is  located  about  1.5  miles  east  of 
the  Montana/Idaho  border  and  two  miles  upstream  from  Leonia,   Idaho.     Rocks  of 
the  Wallace  Formation  crop  out  at  the  dam  site.     Site  geology  as  mapped  by 
Erdman  is  shown  in  figure  20. 

Here,  the  Wallace  Formation  is  a  thin-bedded,  well- jointed,  argillaceous 
limestone  with  smooth,  open  bedding  surfaces  that  weather  readily  and  contribute 
to  the  low  rock  strength  at  the  site.     Erdman  estimated  rock  hardness  at  4  to  5 
(mohs  hardness  scale),  the  specific  gravity  at  2.7  and  ultimate  crushing 
strength  to  be  8,000  to  10,000  PSI. 

Beds  of  the  Wallace  Formation  dip  steeply  downstream  at  the  site.     A  fault 
just  south  of  the  railroad  tunnel   (see  figure  20)  strikes  west  and  dips  43 

-60- 


Figure.  20.    Geologic  Map  and  Cross-section 
of  Rocky  Creek  Dam  Site. 
(Source:    Erdman  1947) 
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degrees  S.     The  gouge  zone  associated  with  the  fault  is  about  three  feet  thick. 
Beds  adjacent  to  the  fault  on  the  north  strike  N  33  degrees  W  and  dip  59  degrees 
W.     Those  on  the  south  side  strike  N  31  degrees  W  and  dip  65  degrees  W.  Erdman 
reasoned  that  this  fault,  with  its  thick  zone  of  soft  clayey  gouge,   is  an 
element  of  structural  weakness  which  makes  the  bedrock  spur   (left  or  south 
abutment)  unsuitable  for  the  abutment  of  a  high  dam. 

The  dam  section  at  the  site  is  shown  in  figure  20.     The  section  is  narrow 
(360  ft.)  and  constricted  compared  with  the  normal  width  of  the  river  valley, 
and  causes  the  water  surface  to  rise  rapidly  with  increasing  discharge  during 
spring  floods.     Erdman  suggested  that  only  small  amounts  of  alluvium  are  present 
in  the  channel  and  that  the  depth  to  bedrock    was  not  much  greater  than  40  feet. 

Both  abutments  at  the  site  would  be  located  in  steeply  dipping  rocks  of  the 
Wallace  Formation.     Because  of  the  fault  in  the  left  abutment,  the  bearing 
strength  of  the  two  abutments  would  be  unequal.     Erdman  (1947)  concluded  that: 
(1)  the  left  abutment  fault  precludes  the  possibility  of  constructing  a  dam 
higher  than  20  ft.   at  the  site;   (2)   if  a  high  dam  were  considered,  the  spur 
through  which  the  railroad  tunnel  passes  should  be  removed  and  the  left  abutment 
of  the  dam  be  rested  in  rock  south  of  the  fault  (the  fault  would  still  pose 
problems);  and  (3)  proximity  of  the  site  to  the  fault  requires  consideration  of 
some  type  of  flexible  design,  but  large  spillway  requirements  operate  against 
such  a  design.     Erdman  considered  the  Rocky  Creek  site  economically  and 
geologically  unsuitable  for  development. 

Ruby  Creek  Site 

The  Ruby  Creek  Site  is  located  about  one  mile  downstream  of  the  U.S.  Highway 
2  bridge  across  the  Kootenai   River  and  immediately  upstream  of  the  Kootenai 
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Vista  Subdivision.     At  the  site  the  valley  bottom  is  about  one  mile  wide  and  the 
channel  is  dominantly  alluvial.    Glacial  deposits  as  mapped  on  Exhibit  1,  are 
widespread  and  outcrops  of  bedrock  are  limited  to  the  area  of  the  left  abutment 
at  the  dam  site. 

Bedrock  exposed  in  a  railroad  cut  approximately  150  ft.   long  near  the  left 
abutment  is  in  the  Wallace  Formation,  and  generally  strikes  N  60  to  70  degrees  W 
and  dips  50  to  60  degrees  SW.     The  rock  is  a  thinly- laminated  (1/2  to  2  in.) 
highly  fractured,  highly  weathered  calcareous  arigillite  to  argillaceous 
limestone.     The  degree  of  jointing  and  fracturing  made  precise  measurements  of 
joint  patterns  difficult  but  it  appears  that  there  are  at  least  two  dominant  and 
two  subsidiary  joint  sets  in  the  outcrop.     A  portion  of  the  observed  joints  may 
actually  be  well-developed  fracture  cleavage  related  to  the  axis  of  a  small 
anticline  which  trends  N  70  degrees  W  and  lies  about  1/2  mile  east  of  the  site. 

As  with  the  Katka  and  Rocky  Creek  sites,  the  Leonia  fault  passes  within  one 
mile  of  the  site  (Johns  1970).     Two  east-west  to  northwest  trending  subsidiary 
faults  adjoin  the  Leonia  fault  and  cross  the  river  at  right  angles  about  two 
miles  downstream  (north)  of  the  damsite.     These  faults  intersect  the  O'Brien 
Creek  fault,  which  runs  parallel  to  the  river  approximately  2.5  miles  from  the 
Ruby  Creek  Site. 

Bedrock  as  described  in  well  log  #18  may  be  associated  with  a  narrow 
topographic  promontory  of  limited  extent  (see  Exhibit  1).     Elsewhere  in  the 
vicinity  of  the  proposed  dam  axis,  glacial  deposits  reach  a  minimum  thickness  of 
200  ft.   (see  well  log  #16).     The  physical  character  of  bedrock  underlying  the 
glacial  materials  is  unknown,  but  based  on  the  left  abutment  exposure  and 
proximity  of  the  dam  axis  to  the  axis  of  the  previously  mentioned  anticline,  it 
is  likely  to  be  weak  and  generally  unsuitable  as  dam  foundation  material.  Areal 
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extent  and  thickness  of  glacial  deposits  and  the  great  length  of  the  dam  crest 
required  to  develop  the  site,  contribute  to  the  unf avorability  of  the  site  for 
dam  construction. 

O'Brien  Creek  Site 

The  O'Brien  Creek  site  is  located  about  one  mile  upstream  of  the  city  of 
Troy,  Montana  in  a  relatively  narrow,  bedrock-constricted  reach  of  the  Kootenai 
River  (see  Exhibit  1).     This  channel  reach  consists  of  both  glacial  materials 
and  bedrock.     Bedrock  is  exposed  on  the  left  abutment  in  a  30-foot  cliff.  The 
area  of  the  right  abutment  appears  to  contain  colluvial  and  glacial  materials 
underlain  by  bedrock  at  an  uncertain  depth.     An  isolated  bedrock  knob  crops  out 
in  the  center  of  the  channel  along  the  proposed  dam  axis. 

Bedrock  exposed  in  the  left  abutment  area  is  argil lite  of  the  Wallace 
Formation,  and  is  of  generally  poor  quality.     The  rock  is  thin-bedded  in  1  -to- 
4-inch  beds  with  locally  thinner  laminae.     Bedding  generally  strikes  N  15  to  20 
degrees  W  and  has  dips  near  vertical.     The  rock  is  well- jointed  with  dominant 
patterns  striking  and  dipping  due  E,  54  degrees  SE  and  N  52  degrees  E,  40 
degrees  N.     Spacing  on  joints  varies  from  about  2  in.  to  2  ft.;  talus  at  the 
base  of  the  outcrop  averages  3  in.  by  2  in.  by  6  in.        About  100  feet  north  of 
its  southernmost  edge,  the  outcrop  is  cut  by  a  local  fault,  which  trends  N  75 
degrees  W  and  dips  approximately  59  degrees  N.     Rock  type  is  the  same  on  either 
side  of  the  fault  trace;  the  fault  zone  is  about  1/2  ft.  to  2  ft.  wide  and 
clayey  gouge  is  present. 

Upslope  about  100  yards  (west)  of  this  outcrop,  the  rock  type  changes  to  a 
more  quartzitic  rock  type.     Here  the  section  is  largely  covered  with  a  thin 
veneer  of  colluvium  or  glacial  drift,  but  shallow  (less  than  five  feet)  bedrock 
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is  apparent  as  one  continues  west  to  the  contact  with  the  Troy  sanitary 
landfill.     Geologic  materials  in  the  vicinity  of  the  landfill,  which  is  located 
on  a  terrace  overlooking  the  O'Brien  Creek  Site,  consist  largely  of  glacio- 
fluvial  deposits.     These  glacial  materials  appear  to  surround  the  outcrop  which 
would  form  the  left  abutment  of  the  dam.     However,  due  to  forest  and  soil  cover, 
a  detailed  geotechnical  investigation  would  be  required  to  evaluate  the  lateral 
extent  of  bedrock  in  the  left  abutment  area. 

The  poor  quality  of  bedrock  exposed  at  the  site  along  with  potential 
instability  and  leakage  problems  which  could  be  caused  by  the  glacial  materials 
in  the  vicinity  of  the  left  abutment  contribute  to  the  unf avorability  of  the 
site. 

FOOTNOTES 

*      On  the  annual  peak- flow  series,  the  1.5  yr.  RI  event  has  a  66%  chance 
(probability  of  occurring  in  any  individual  year  or  on  the  average,  occurs  twice 
in  three  years.     Similarly,  the  50  and  100  year  RI  events  have  .02  and  .01 
annual  probabilities  of  occurrence,   respectively.     The  50  year  event  occurs 
twice  in  50  years  and  the  100  year  event  occurs  once  in  100  years,  on  the 
average. 

The  eight  year  period  1972-79  provides  a  period  of  record  shorter  than  the 
10  year  minimum  specified  by  the  Water  Resources  Council   (Guidelines  for 
Determining  flood  flow  frequency,  U.S.  Water  Resources  Council,  Bulletin  iH7k, 
1977).     Data  prodeuced  through  extrapolation  of  flood  flow  characteristics  past 
a  15  to  20  year  event  may  be  tenuous . 
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APPENDIX  A. 
Streamflow  Characteristics 
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89000.0 

1 1 

20 

33 

100000.0 

8 

9 

34 

120000.0 

1 

1 

VALUE  ExCttDEO   'P'   PERCENT   UF  TIME 


V95  =  2500.0 

V90  =  2800.0 

V75  =  3800.0 

V /O  =  4100.0 

V50  =  6100.0 

V25  =  14000.0 

VIO  =  32000.0 


t 


1  VI 


1      L>rtY    lllL-H  VALut 


O  I  H  I  i  'Jl  i         1  d         5  u  u'  U 


lOOUOUO 


1  0  U  0  0 1.1 


0.9S       0.90  o.ao 


10000 

1.00b  l.Ul 


X  X 


XX 


X  XX 


PHUHAOILI lY 
U.bO 


O.tfO  0.1 


XXXXXOX^ 


xxxxxu 


xxuxxaxuxxxxx 


oxxxxxxo 


1.05      1.11        I. as 


XX   XX  X 


0.00     o.oa    0.01  0.00*5 

1000000 


XXX 


KtCUKKt-inCE  INTERVALS 


10 


100000 


25  bO         100  c!00 


10000 


Iht   fULLOnlML.   SYMHClLS  i><AY   AFPEAK   IN    I  hE  f-LUF 
X   -   tH   INPUI    OAIA  VALUt 
*   -  A  CALCULATtO  VALUt 

0  -   A  CALLULATEO   VALUt   AND  UNE   DATA   VALUt   AT   SANiE  POSITION 
2  -    f.-IO  INPUT  OAlA  VALUES  PLOTTED  Al   SA^E  PUSITIUiM 

1  -   THREE   IiJPUI   OaTA   VALUES  PLOTTED  Al   SAME  POSITION 

A   -   A  CALLULATEl)   VALUE   AfilD  TrtO  DAI  A   VALUES   AT   SAME   PUSH  ION 
d  -  A  CALCULATED  VALUE  AitO   TmkEE  DATA   VALUES  AT   SAME  POSIIIUi'J 


t 


ENDING   SEPTEMeEH  30 


ruuE 


iTt  data   CZERU  values  OMIITED) 


?a5oo.ooo 
7c;<>oo.yoo 
aoboo.ooo 
aseoo-uoo 
beflou.ooo 

V3b00.000 
68700.000 


3f)100.000 
69200.000 
61U00.000 
67000.000 
17500.000 
«S600.000 


77300.000 
71300.000 
85000.000 

agijoo.ooo 

69000.000 
53100.000 


56900.000 
^13300. 000 
63700.000 
27800.000 
86000.000 
76200.000 


3*4000.000 
76800.000 
51HO0.OO0 
51600.000 
69900.000 
69500.000 


120000.000 
25800.000 
48800 . 000 
73100.000 
95500.000 
72600.000 


65000.000 
82100.000 
40400.000 
73100.000 
56100.000 
76700.000 


75600.000 
70200.000 
78800.000 
109000.000 
62800.000 
66200.000 


79600.000 
56600.000 
10100.000 
61300.000 
75300.000 
69500.000 


60500.000 
50700.000 
17800.000 
78900.000 
63500.000 
56200.000 


MEAN  =  64251.098 
VAkIANCE  = 

SIANOAKD  UEVIAIIUN   =  18545.070 
SKEwNtiS  =  0.212 
SlAixUARU  ERKUW  OF    SKtWNESS  = 
StKlAL   CUKhELA  riOiN  CUfFEICIEfJl  = 
CUEFFICIEiMT  OF   VARIAtlUN  = 
ilEArj  LOGS  =  1.788 
VfihlANCE   LOGS  =  0.019 
SFANi/Am;  dE^'IATIO'J  LOGS  = 
b^E.-.I-itSS  LOGS  =  -U.8S3 
SIANuAKij  EWHUH  UF   Sr.twNESS  LOGS  = 
SERIAL  COMRELAllOM  COEFFICIENT  LUGS  = 
CUtFFIClENI   UF   VAHIAIlUN  LOGS  = 


0.  306 

-0.063 

0.289 


0. 138 


0.  306 

-0.032 

0.029 


EXCEEDENCt  HROa 

0.9900 
0.9500 
0.9000 
0.6000 
0.50UO 
0.2000 
0.  1000 
0.0100 
O.O200 
0.0100 
0.0050 


RECURRENCE   IN1EKVAL         PARAMETER  VALUE 


1.01 

24197.895 

1  .05 

31080.105 

1.11 

40103.785 

1.25 

17977.945 

2.00 

61179.672 

5.00 

60562.750 

10.00 

66653.625 

25.00 

96625.312 

50.00 

101327.750 

100.00 

105221.000 

200.00 

108189.562 

t 


.  i        If       - 1  . 


"1-1^' 


1      DAr    LlJ-<  l/ALUt 


0.493  0.99  0 
lOOOU 


X  X 


1000 

1.0  0b  1.01 


9b  0.90 


O.bO 


X  X 


PKUBAblLl  I  Y 
O.-jO 


0.20  0.1 


O.Ofl       0.02     0.01  0.00b 


I 
I 
i 
I 
I 
I 
I 
I 
I 
I 

X    XX    XX    UXXXX  I 
XXUAXXXXUXi^  I 

XXUXX2XUXXXXXX 

I  *XXXXXXU 

I 
I 
t 


XX 


XX  x*x 


X   X  0 


1.0b  1.11 


X      *  * 


10000 


1  .25 


■I' 


KttUHKElMCt  lfJItr<VALS 


10 


I- 


1000 


25  50         100  200 


|Ht  fULLUMNG   bfltlULb  MAf   APPtAK    IN   IKE  PLUI 

X    -  AM    liMPiJI    LIAIA  VALUE 

*   -  A  LALCULAItD  VALUE 

0  -  A   CALCULAIED  VALUE   AN[)  UnE   DATA   VALUE    AI    SAME  PUSItlUN 
2   -  HVLI    Ii«!PUI    DAI  A   VALUES  PLOITEO  A I    SA!«'E  POSITIUN 

1  -  (hKEE   IrjPUT   UAfA  VALUES  PLUIIEU  AI   SA»«E  PUSUIUN 

A   -  A   CALLULAIEU   VALUE   ANU   TnU  lJATA   VALUto   AT   SAilE  POSllIUrj 

a   -  A  LALLULAIEU   VALUE   ANU   THREE  UATA   VALUEo   AT    SAME  POSIUUN 


f 


^  MUN   PtKIUU   tNOlNU   SEPItMbtR  30 

1     l)«r   LUrt  VALUE 


INPUT   DATA    (ZtRO   VALUES  OMITFED) 


aaoo . OOU 

<?72U.000 
1 V90.O00 
1  71U.000 

1 vau.uoo 

1  7  0  0  ,  U  0  0 


2180.000 
2100.000 
1520.000 
24UU.OO0 
2500 .000 
IVOO.OOO 


20«0.000 
l^bO.OOO 
1320.000 
1^00.000 
1900.000 
1600.000 


1690.000 
2500.000 
11^0.000 
1B50.000 
10  00.000 
2500.000 


^EAN  =  2076.393 
VAHlANCt  =  3')69J5.i)37 
SrANOAKO  UEVIATIUN  =  569.012 
SKfci^NtSS  =  1.323 

SIAfViDAKL)  tRKUR  UK  SKEwNtSS  =  0.306 
SfcklAL  COKHELATlUN  CUtFflCIENf  = 
COtFF  IC1E:>JT  UF  VAKIATIUN  =  0.28'( 
MEAN  LUGS   =  3.302 
VARIANCE   LOGS   =  0.01« 
STANDARD  DEVIATION  LUGS  =  0.U7 
SKEITNESS  LUGS  =  0.157 
SIANDAKD  EKKOK  OF   SKt*vNESS  LOGS  = 
SEKIAL  CUr!kELA(Iuw  COEFFICIENT   LUGS  = 
COEFFICIENT   UF   VAKIATION  LUGS  = 


0.170 


0.306 

0.211 

0.035 


NUN  EXCEED  PKUd  HECUHHENCE   INTERVAL         PAMMEIE*^  VALU 


O.OIUO 
0.0^00 
0.0500 
0.1000 
0.2000 
0.5000 

o.aooo 

0.9000 
0.9b00 
0.9«00 
0.9900 


100.00 
50.00 
20.00 
10.00 
5.00 
2.00 
1.25 
1.11 
1  .04 
1.02 
1.01 


I  105.407 

II  79.633 
1302.663 
1425. Bib 
1594.168 
1988.528 
2505. 196 
2838. ll^ 
3252. 02^ 
3557.045 
3660.208 


lCiU3llUU 


2b00.000 
2160.000 
1280.000 
1980.000 
2200.000 
2530.000 


2610.000 
3000.000 
1230.000 
2000.000 
1500. OOU 
2650.000 


1960.000 
3500.000 
1600.000 
2200.000 
2120.000 
21  10.000 


2160.000 
2160.000 
1200.000 
2000.000 
2000.000 
2000.000 


2240.000 
lolO.OOo 
1700.000 
1900.000 
2260.000 
1650.000 


t 


MU(J   PtKldD   EImOIMO   SEHUMbtK  iO 
i65      DAY    MlbM  VALUt 


0.V9S  0.V9 

1  0  U  0  0  0 


0.9S  0.90 


O.bO 


1  OOOU 


PKUHAblLI  1  r 


X    *   *  X 


1000 

1.005  l.Ul 


XXX 


X    XX  XX 


X0XXXXXIJK2X 


XUXX2XUXXXXX0XXX 


UXXXXX- 


0-<^0  0.1  O.Ofl        0.02     0.01  0,00b 


XXXD 


1.05 


l.U 


XX    XX  X 


1 .25 


XXX  u 


X  * 


ktCUKHtNCt  XNIEKVALS 


10 


10  0  0  0  0 


10000 


25 


50 


1000 


100  200 


THE  FOLLUWliiv,  SYMH0L3  MAY  APPEAR  IN  THE  PLOl 
X   -   Am   INPUI    DATA  VALUE 
*   -  A   CALLULATtU  VALUt 

0  -  A   CALLULAIEIJ   VALUE   AND  UNt   DATA   VALUE   AT    SAME  PLlSIHUN 
2  -   IhO   INPUl    DATA   VALUES  PLOTIEU-Al    SAME  PLiSITiON 

1  -   THKEE   INPUT   DATA   VALUES  HLUTTED  AT  SAME  PUSITIOiN 

A   -   A   CALCULATED  VALUE   AND  TrtU  DATA   VALUES   AT   SAME  KOSITIuN 
e   -  A  CALCULATED   VALUt   AMD    1  HKEt  DATA, VALUES   AI    SAMt  PUSlllOiM 


vi 


t 


NOING  SEPTtMbfcK  30 


DATA   (ZERO  VALUtS  OMUTtD) 


1«000.000 
1380  0.000 
74i0.UO0 
76bU.00O 
IbbOO.OOO 
11100. OOU 
moo. 000 


10000.000 

loaoo.ooo 

1  190U.0O0 
151OU.000 
liluO.OOO 
1 1300.000 


13100.000 
1 1900.000 
13700.000 
12600.000 
12000.000 
12000.000 


12600.000 
7720.000 

liaoo.ooo 

6870.000 
lo400.000 
12600.000 


10200.000 
13200.000 
12000.000 
6010.000 
12500.000 
15600.000 


16500.000 
6510.000 
»V30.000 
1  3300.000 
16000.000 
13300.000 


12000.000 
13900.000 
8210.000 
13200.000 

uaoo.ooo 
laaoo.ooo 


1 1600.000 
11500.000 
12400.000 
16100.000 
10700.000 
1  1700.000 


12100. UOO 
9360.000 
9530.000 
10000.000 
15500.000 
11900.000 


1  1 100.000 
9960.000 
8970.000 
13700.000 
13700.000 
9250.000 


'•1E.AN  =  12115.212 
«/AHIANCE  =  6161521.00 
SrANOAf<0  OEVIAIIUN  =  2511.911 
S^El^NESS  =  -0.290 
SU.\L-ARO  ERHON  OF   SKEWNtSS  = 
SERIAL  LOWRELATION  COEFFICIENT  = 
COEFFICIENT  OF   VARIATION  = 
MEAN  LOUS  =  1.073 
VARIANCE  LOGS  =  0.010 
STANDARD  DEVIATION  LOGS  = 
SKEMMtSS  LOGS  =  -0.763 
SIANUAKJ  ERROR  OF   SkEwNESS  LOGS  = 
SERIAL  CORRELAIION  COEFFICIENT  LOGS 
COEFFIClEivT  OF   VARIATION  LOGS  = 


0.306 

0.036 

0.210 


0.099 


0.306 

0.017 

0.021 


EXCEEDENCE  PROB  RECURRENCE   INTERVAL         PARAMETER  VALUE 


0.9900 
0.9500 
0.9000 
0.8000 
0.5000 
0.2000 
0.1000 
0.0100 
0.0200 
0.0100 
0.0050 


t.Ol 

6171.309 

l.OS 

7607.539 

1.11 

8738.266 

1.25 

9902.801 

2.00 

121 72.062 

5.00 

11365.161 

10.00 

15131.895 

25.00 

16183.615 

50.00 

17108.598 

100.00 

17631 .071 

200.00 

18071.981 

t 


O  I  «  I  X  111.  Jt->OjuUl 


,  La-ll-I^  mU'J   PtKlUO   tNUiNG   StPltMbtK  JO 

ihb     UAr   LUn  VALUe. 


1 UOOOO 


0.9b    '  0.90 


O.bO 


HKUBABILI 1 Y 
0.50 


0.20 


0.1 


lOOUO 


X    *    *      >  * 


1000 

1.00b  1.01 


XXX 


X  XX  XX  uxxx 


O.Oa       0.02     0.01  0.005 


XXXUXXXXXL'XaxxlJX 


X<>XUXXXXX0X 


-XXXXXU 


XX   XX  X 


1.05 


1.11 


1.25 


XXX  u 


X  * 


100000 


10000 


10 


1000 


25  50         loo  200 


IHL  FOLLUnING  Sri'^dOLS  MAY  APPEAN   IN   THt  PLUl 
X   -   AN   INPUI    OA [A  VALUE 
*  -  A  CALCULAIEO  VALUt 

U  -  A  CALCULATED  VALUt  AND  UNE  DATA  VALUE  AT   SAME  POSITIUN 

2  -   TWU  INPUT  DAIA   VALUES  PLOTTED  AT  SAME  POSITION 

3  -   THKEE   IWPUr  DATA  VALUES  PLOTIEO  Al   SAME  POSITION 

A   -   A  CALCULAFEj   VALUt   ANU    IaO  UATA   VALUES   A[   SAME  PUSIUUrj 
a  -  A  CALCULATED  VALUE  AND   THREE  DATA  VALUES  AT   SAME  POSITION 


t 


l^   Mur,   PeKIUD   ENDING   StPltKbtK  30 
365     OAr   LUW  VALUt 


blAllur*  lc:iU3uuu 


INPUT   DATA   ilEHO  VALUES  OMITTED) 


141)00.000 
13«00.000 
7130.000 
76ba.000 
16600.000 
14100.000 
14400.000 


10000.000 

1  oaoo.ooo 

1 1900.000 
13400.000 
1310  0.000 
11300.000 


15100.000 
1 IVOO.OOO 
13700.000 

i<?tioo.ooo 
i«;ooo.ooo 

12000.000 


1^600.000 
/7i!0.000 

ibeoo.ooo 

6870.000 
16400.000 
12600.000 


10200.000 
13200.000 
12000.000 
«O40.000 
12S00.O0O 
13600.000 


1&500 . 000 
6510.000 
B930.000 
13500.000 
16000,000 
1 5300.000 


12000.000 
13900.000 
8210.000 
13200.000 
1 1400.000 
14400.000 


1  1600.000 
14500.000 
12400.000 
16400.000 
10700.000 
1 1 700.000 


12400.000 
9560.000 
9530.000 
10000.000 
15500.000 
14900.000 


1 1 100.000 
9960.000 
8970.000 
1 3700.000 
13700.000 
9250.000 


i^tAN  =         ld\  15.242 
VAHlANCt   =     6461324. uO 
SfANOAKU  UtVIATlUN   =  2541.9m 
SKfcWMtSS  =  -0.290 
SlANDArtU  tRkUR  UF   SKt.^i^ESS  = 
SEHIAL   tUHHELATlON   COEFFICIENT  = 
CUEFFICIENT  OF  vAkIaTIUN  = 
mean  lugs  =  4.073 
variance  logs  =  0.010 
staijdaku  deviaiion  lugs  = 

SKtWNESS  LUGS  =  -0.763 
3IAN0AK0  EKKUR  IIF   SKtrtNtSS  LOGS  = 
SEKIAL  CUKktLATlON  COEFFICIENT  LUGS 
tOE^FlCItNT  OF    VARIATION  LOGS  = 


0.306 

0.036 

0.210 


0.099 


0.306 

0.047 

0.024 


NUN  EXCEED  PR06  RECURRENCE   INTERVAL         PARAMETER  VALUE 


0.0100 
0.0200 
0.0500 
0. looo 

0.2000 
0.5000 
0.8000 
0.9000 
0.9600 
0.9800 
0.9900 


100.00 
50.00 
20.00 
10. 00 
5.00 
2.00 
1.25 
1.11 
1.04 
1.02 
1.01 


61  74.309 
6807.309 
7807.539 
6738.266 
9902.801 
121 72.062 
14365.164 
15431 .895 
16483.645 
17108.598 
1 7651.074 


V 


t 


t 


SIAIIUN  iJUMBtU  12303000 
OURAIIUN  TABLE  OF  DAILY   VALUES  FUK   lEAK  ENDiNG  SEPTEMBER  30 

016CHAHbt-(CFS) 
Mt  AIJ 

KUUltNAl   WlVtH   At    LIHbY/  MI. 


CLASS 

0      1  2 

i 

U 

■j 

b 

7 

B 

9 

YEAK 

1972 

b    1  1 

19 

14 

20 

1  0 

19 

19 

20 

1973 

1  « 

19 

10 

55 

58 

50 

18 

20 

1974 

« 

19 

1 1 

2 

1 

3 

1  V7S 

8 

1  7 

8 

4 

6 

9 

lU 

15 

1970 

1 

1 

b 

197; 

19 

24 

22 

26 

13 

19/a 

2 

4 

45 

17 

1979 

25 

5 

7 

32 

36 

10 

1  1 

12 

15 

14 

15 

16 

17 

18 

19 

20 

OAYS 

IH 

CLASS 

2b 

1  1 

13 

8 

6 

1  1 

6 

1  1 

9 

5 

3 

1 

5 

5 

/ 

4 

10 

5 

5 

1 

6 

6 

18 

2 

5 

14 

15 

7 

45 

14 

6 

16 

15 

2 

5 

10 

25 

6 

14 

37 

5 

4 

15 

15 

8 

15 

7 

1  1 

8 

e 

28 

18 

12 

1 1 

7 

4 

8 

1  0 

1 1 

6 

16 

19 

16 

15 

22 

25 

29 

12 

10 

9 

1  1 

14 

24 

31 

19 

35 

24 

20 

28 

9 

9 

15 

4 

5 

6 

3 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

6 

3 

1 

12 

3 

4 

3 

4 

15 

21 

25 

12 

8 

2 

1 

4 

4 

22 

9 

10 

4 

6 

6 

22 

12 

1 

8 

11 

29 

26 

59 

17 

12 

1 

7 

4 

6 

1 

1 

20 

3 

24 

28 

12 

2 

11 

43 

10 

18 

17 

23 

38 

37 

12 

10 

15 

40 

1 

33 

22 

le 

22 

22 

20 

1 

22 

29 

11 

4 

1  7 

10 

1 

16 

6 

6 

19 

24 

30 

CLASS 

VALUE 

rUTAL 

ACCUM 

PEKCT 

0 

0.0 

0 

2922 

100.0 

1 

2200.0 

7 

2922 

10  0.0 

2 

2400.0 

27 

2915 

99.8 

3 

2600.0 

63 

2888 

98.8 

4 

29U0.0 

51 

2825 

96.7 

5  ■ 

■  5100;0- 

132 

2774 

94.9 

6 

5400.0 

e7 

2642 

90.4 

7 

3/00. a 

112 

2555 

87.4 

6 

4100.0 

152 

2.44  5 

83.6 

9 

aaoo.o 

152 

2291 

76.4 

10 

4800.0 

138 

2159 

73.9 

1  1 

5500.0 

106 

2021 

69.2 

CLASS 

VALUE 

1  UT  AL 

ACCUM 

PERCT 

12 

58  0  0.0 

99 

1915 

65.5 

13 

6500.0 

85 

1816 

62.  1 

14 

6900.0 

57 

1733 

59.3 

15 

7500.0 

92 

1676 

57.4 

16 

8200.0 

71 

1584 

54.2 

17 

8900.0 

11 

1507 

51.6 

18 

9700.0 

168 

1430 

48.9 

19 

11000.0 

96 

1262 

43.2 

20 

12000.0 

62 

1  166 

59.9 

21 

15000.0 

110 

1104 

37.8 

22 

14000.0 

102 

994 

34.0 

23 

15000.0 

116 

892 

30.5 

CLASS 

VALUE 

TOTAL 

ACCUM 

PEKCT 

24 

16000.0 

142 

776 

26.5 

25 

18000.0 

191 

634 

21  .b 

26 

20000.0 

98 

443 

15.1 

27 

21000.0 

76 

345 

11.8 

28 

23000.0 

67 

269 

9.2 

-  29 

25000.0 

78 

202 

6.9 

30  - 

28000.0 

31 

124 

4.2 

31 

30000.0 

55 

93 

3.1 

32 

33000.0 

25 

3d 

1  .5 

35 

36000.0 

10 

13 

.4 

34 

39000.0 

3 

3 

.1 

VALUE  EXCEEDED   V  PEkCENT   OF  TlMt 


V95  =  3100.0 

V90  =  3400.0 

V/5  =  4  700.0 

V70  =  5200.0 

V50  =  9400.0 

V25  =  17000.0 

VIO  =  22000.0 


f 


I 


KlJUItfMV,    :,lves   AI   LIBbY,  MT. 
197^-1979,      12  MUN  PEhlUD  ENUINli  StJ'TtMbEK  30 
1      DAY   HIGH  VALUt 


N  = 


STATION  12303000 


0.79S  0.99 
100000 


0.9b 


1  0000 

l.OOS  1.01 


0.9U 


0.60 


*x 


PWObAalLI  lY 
O.bO 


0.20 


*  X 


1.0b 


l.tl 


X  * 


X  * 


1  .25 


"•1  u.oa     0.02    0.01  O.O05 


X* 


rtttUi<«ElvCt  INTERVALS 


10 


100000 


25  50         100  200 


10000 


THE  FULLOK'ING  SYMyULS  MAY  APPEAR   IN  THE  PLOT 
X   -   AN   INPUT   OATA  VALUE 
*  -  A  CALtULATEO  VALUt 

A  tALCULATtO   VALUt   AND  UNc   OaIA   VALUE   AT   SAhE  POSITION 
l.'.U   lUPUl    DATA   VALUES  PLOTTEU   AT   SANE  POSIIIUN 
FHKtt    INPUT   DATA   VALUES  PLOFTED  AT   SAKE  PUSITIO'il 
A  CALCULATED   VALUE   AND   T«0  DATA   VALUES   AT   SAME  POSITION 
A  CALCULATED  VALUE  AND   THREE  DATA  VALUES  AT  SAME  POSITION 


t 


N)..   KIVtK   AI   L1813Y,  Ml. 


197*?-1979,      12  MON  PEKIOO  ENDING   StHltMbtK  30 
1      DAY   HIGH  VALUt 


INPUr   OAIA    (ZERO  VALUES  UMIITED) 

36100.000         37600.000         39^00.000         27100.000  30100 
MEAN  =  307SO.000 
VAt'IANCE  =  4767  1393.0 
STAMUARO  Uti/IATtON  =  b90'i.^H9 
SKEHVNESS  =^  -0.216 

SrANOAkL)  tRtiUH  Of   SKErtNfcSS  =  0.753 
SEHIAL  CUKkfcLAriUN  CUtFFICIENT  =  0.523 
COEFFICIENT  OF   VArtlAflO''!  =  0.225 
MEAN  LOGS  =  «.«78 
VAHIANLt  LOGS  =  0.010 
STANOAKD  UCVIATICiN  LUGS  =  0.102 
SKEWNES3  LOGS  =  -0.475 
STaNDAKD  E«K0H  OF  SKEGNESS  LOGS,  = 
SEKIAL  COKKELATION  COEFFICIENT  LOGS  = 
COEFF ICIEin  OF   VARIATION  LOGS  = 


EXCEEDEimCE  PKOB 


RECURRENCE  INTERVAL 


0.752 

0.523 

0.023 

PARAMETER  VALUE 


0.9900 

1.01 

16017.087 

0.9500 

1  .05 

19600.512 

0.9000 

1.11 

21998.816 

o.eouo 

1.25 

24814.621 

0.5000 

2.00 

30598.660 

0.2000 

5.00 

36749.354 

0. 1000 

10.00 

40036.437 

0.0400 

25.00 

43553.383 

0.0200 

50.00 

45809.484 

0.01 00 

100.00 

47816.254 

0.0050 

200.00 

49633. 148 

STATION  12303000 


31800.000        20900.000  22600.000 


t 


,iUJe«NAl    flVEK   AT    LItJby,  MT. 
1      Om   LUA  VALUt 


STATION  12305000 


1  0  0  0  (.' 


0.95         0.90  0.80 


1000 

1.003  1.01 


P(<Ur)AbILl  I  Y 
O.iO 


0.20  0.1  0.04       0.02     0.01  O.OOS 


*  X      «  X 


X  X    *  X 


l.OS         1.11  1.25 


KEcuKKEuct  Intervals 


10 


10000 


25  50         100  200 


loou 


THE  FULLO'-II-iG  SYMbULS  ^AY  AHPEAh   IN   1  HE  PLOT 
X   -   AW   INPOI    DATA  VALUE 
♦   -  A  CALCULAIEO  VALUt 

0  -   A   LALCULAIEO   VALUE   ANU  O^E   UAIA   VALUE   AI    SAME  PUSITIUN 

2  -   Tl^U   INPUT   D4IA  VALUES  PLUIItU  AT   SArE  PUSiriO,<i 

3  -    IhHiLl   IfvPUI   DAlA  VALUES  PLOITED  AT   SAME  POSIIIUN 

A   -   A   CALCULAIEO   VALUE   AND   TlvO  DATA   VALUES   AT    SAME  POSIIIOIJ 
b  -  A  CALCULATED  VALUt   AND  THREE  DATA  VALUES  AT   SAME  POSITION 


t 


-  ...  --rr^' 

'  iflVEH  AT  LIBHY,  Mf 

197a-19/9,      la  MO'J  PEKIUU  tNjJNU   StFIEMfcEH  30 
1      DAY   LUW  VALUE 


N  = 


DATA    (2EKU   VALUES  UMlUeo) 
^^00.000  ^3Ou.0U0  2600.000  2^30.000 

MEAM   =  ^930. 000 

V4»^IAfJCE   =  ^^^3b^7,l^5 
SFANDAfViJ  hEVIAlIO'V.   =  6S0.«89 
oKE^NLSS   =  0.a79 


STAlxuAKy  ErfHUK  OF   SKE'-NtSb  = 
SLKIAL   CGKt^tLAflUU   COE  h  F  IL  1 1  iJ  T 
CUEFF  Il.lE^lI    OF    VA"(IA  I  luh  = 
''Ea.v  LUGS  =  3, ass 

VAKlA.-gLE   LOGS   =  0.009 
SlA-gOAKL)  UEViAflU'   LOUS  = 
SKEciMESS  LOGS   =  0.^bli 
STAfJUAkO  FRROk   uF    S^EaNESS   LuGS  = 
SE^^JAL   CUKRELAHO^i   CUEFFJCJEnF   LUGS  = 
CUEFF  ICiENT   OF    VrtrtlAfiurj  LOGS  = 


0.  7ba 

0.3b3 


0.09b 


0.75? 

0.^37 

0.026 


i9/0.000 


iaoo.ooo 


nON  EXCEED  PROn  RECUHRENCE    IN.ERVAL  FAPAMEUR  VALUE 


0.0100 
0.0?00 
0  .  ObOO 
0.  I  000 

o.aooo 

U.bOOO 
0 . HOOO 
0.9000 
0.9600 

o.9aoo 

0.9900 


100.00 

0 . 0  0 
20.00 
10.00 

s.oo 

2.00 
1  .2b 

1.11 
1  .oa 

1.02 
1.01 


1796. 787 
1886.509 
2034.^^99 
2181 .101 
2380, 383 
2B«1 . 755 
3«3/.973 
3818.518 
«288.  71  1 
^633. 547 
'4975.  137 


STATION  12303000 


3630.000  3110.000 


f 


ItNAI    HWEW    AI    LldHT,  Ml. 
\^7e-\9/9,       l^   MOM   PtHlUL)   ENUINb   SEKItMbtH  iO 
ibS     UAY   rtIGH  VALUE 


STATION  1^503000 


1 UOOOU 


O.SIO 


O.tlO 


PHubAUlLI FY 
O.bO 


0.1 


0.04       O.U^     0.01  0.00b 


1  OOUO 


1000 

l.OOi  1.01 


X    *  X 


lOOUOU 


10000 


1.0b 


1.11 


1.25 


1000 


KtCUKREiMCt  INTERVALS 


10 


25 


50 


100  2uu 


THE  FOLLOWING  SYMBOLS  MAY  APHEAK   IN  THE  PLOT 
X   -   AN    INPUT    DATA  VALUE 
•  -  A  CALCULATED  VALUE 

A  LALLULAItlJ   VALUE    Al,i)  ONE   DATA   VALUE    AT    SAi-,£  PUSITIUN 
l»vU    INPUT    UATA   VALUES  PLCiTTtD   AT   SA^E  POSITION 
IHWEE    If'.PUr   IJAIA   VALUES  PLOITED   Al    SAME  PUSUIbK 
A  CALCULATED   VALUE   AND   TrtO  DATA   VALUES   AT   SAME  POSITION 
A  CALCULATED   VALUE   AND   ThREt   DATA   VALUES   Al    SAME  PU51I1UN 


t 


IVER  AT  LIBBr,  MT. 


1V72-1979,      12  mu  PEKIUO  tNDING  SEPTtl-BER  30 
O       ibS     DAY   HIGH  VALUt 


INPUT   UATA    (/tRU   VALUES  OMIUEDJ 

12100.000         10000.000         13500.000  11900.000 
MEAN   =  ll<42e.750 
VARIANCE   =  3665693.00 
SIANUAkD  UEVIAIlUN  =  1914.600 
SKtWNtSS   =  0.61V 
SIANDAPO  tKWOk  UF  SKEwNESS  = 
StKlAL  CUKPELATIuiJ  CUtFUCIENT 
COEFF Itltra  OF   VARIATION  = 
MEAT,  LUGS  =  1.053 
VARIANCE  LOGS  =  0.005 
SfANUARi;  DEVIATION  LOGS  = 
SKEWfJtSS  LUGS  =  0.«5a 

SIANUARU  ERROR  UF  SKt«NES^  LUGS  =  0.752- 
SERIAL  CURRtLATIUN  COEFFICIENT  LOGS  =  0.099 
CUEFFICIENT  OF   VARIATION  LOGS  =  0.016 


1«600 


0.752 

0.012 

0.168 


0.071 


EXCEEUENCE  PHUB 

0.9900 
0.9500 
0.9000 
0.8000 
0.5000 
0.2000 
0.1000 
0.0100 
0.0200 
0.0100 
0.0050 


RECURRENCE  INTERVAL        PARAMETER  VALUE 


1.01 

8157.130 

1.05 

882  7.8  75 

1.11 

9215.911 

1  .25 

9818. 160 

2.00 

11151. 931 

5.00 

12897.680 

10.00 

11015.676 

25.00 

15101 .188 

50.00 

16120.161 

100.00 

17131.766 

200.00 

18115.039 

"  SIATIUN  12303000 


10300.000  9520.000  9510.000 


• 


f 


KUUItNl       ..IVtK   AI    LIbbV,  MT. 

197<?-19;9,  la  MON  HtKlUO  ENDING  SEPTtMbER  30 
ib5     DA/  LOW  VALUE 


N  -  a 


STATION  12503000 


O.V9b  0.99 
100000 


lOOOU 


0.9b  0.90 


o.eo 


1000 

1.U05  1.01 


PKUbAdlLII r 
O.bO 


0.20 


X        *  X 


1.11 


1  .25 


O-l  O.Uli       0.02     0.01  0.005 


RECUKKENCE  INTERVALS 


10 


25 


lOOOOU 


10000 


50 


100  200 


1000 


Iht  FOLLOWING  SYMdOLS  MAY  APPEAR   IN   THE  PLOT 
X   -  AN    INPUT   DATA  VALUE 
*  -  A  tALtULATEU  VALUE 

A  CdLCULAfEU   VALUE   AND  ONE   DATA    VALUE   AT    SAME  PUSITION 
^1U   INPUT   DATA   VALULS  PLtil  TED  AT   SAME   POSIT  lUN 
THKfcE   IiJPUI   DATA  VALUES  PLOTTED  AT   SAME  POSITION 
4   LALCULATEU   VALUE   AND   IWO  DATA   VALUES   AT   SAME  PUSHIUN 
«  CALCULATED   VALUE   AND   THREE   DATA   VALUES   AT   SAME  POSITION 


RIVER   AT   LIBBY/  MT. 


N  = 


1V72-1979,      12  MON  PtKlOD  ENDING  StPIEI^BER  30 
365     DAY  LOh  VALUE 

INPUI    UAIA    (7ERU   VALUEb  OMIIIEUJ 

12100. OOU         lOOOO.OOU         13500.000         11900.000  14600.000 
MEAN   =  11428.750 
VARIANCE    =  36656-^3.00 
STAUUAHD  UEVIATICIN   =  1914.600 
SKEI^NESS  =  0.O19 

SfANOAWU  EHKOR  CiP   SKE«-NESS  =  0.752 

SEHIAL   CUHRELAIIOM  CUtFFICIENl    =  0.0^12 

CUEFFlCIt"JT    UF    VAKlAIIUN  =  0.168 

MtAN  LUGS   =  4.053 

VArtlANCt   LUGS   =  U.005 

SIANuAKU  DEVIATION  LUGS  =  0.071 

Sl^tk-'NESS  LUGS   =  0.454 

SIAhiOARD  ERHUrt  UF  S^t^vNESS  LOGS  =  0.752 

SEKIAL  CORRELATION  COEFFICIENT  LOGS  =  0.099 

COEFFICIENT   OF   VARIATION  LOGS  =  0.016 

NON  EXCEED  PROd  RECURRENCE   INTERVAL         PARAMETER  VALUE 


0.0100 

100.00 

B157.430 

0.0200 

50.00 

8409.207 

0.0500 

20. OQ 

B827.875 

0.1000 

10.00 

9245.914 

0.2000 

5.00 

9818. 160 

0.5000 

2.00 

1 1154. 934 

0.8000 

1  .25 

1289/ ,680 

0.9000 

1.11 

14015.676 

0.9600 

1.04 

15401 .468 

0.9800 

1 .02 

16420.461 

0.9900 

1.01 

17431 . 766 

t) 


STATION  12303000 


10300.000  9520.000  9510.000 


f 


t 


STAIIUN  NUMbtK  l^ib^bOO 


,1 

DUhATION 

OlStHARGfc,    IN  LUBK  t-ttl   fEH  bECUU'D 

lAbLt  UF  UAILY 

Values  fok 

YEAH 

ENDING 

SEPIEMBER  30 

Wt  Al  l 



i 

'  CLAbS 

VALtt  .__rfjTAL  ACCUM  _  PtfiLT  

 CLA^S__  VALUE 

 JUTAL 

ACCUM 

PtKCI 

CLASS 

VALUE 

TOTAL 

ACLUM 

HEKCF 

0 
1 

■2 

U.U              ')            OUOO  iOCi.O 

•jo.o          s        atuo  100.0 

!>9.0             h           6397  100.0 

12  "  300".0~ 

13  350.0 

14  <«10.0 

4«43 
353 
3b3 

'40/6 
3635 
3282 

46.5 
43.3 

24 
25 

26 

2100.0 
2500.0 
2900.0 

153 
162 
168 

1125 
972 
810 

13.3 
11.5 
9.6 

1  - 

69.0           27           8391  ^9.9 
ei.O         108           B364  99.6 
96.0         1<J8           62556  96.3 

15  190.0 

16  570.0 
  17           6  7  y . 0 

262 
239 
220 

2929 
2667 
2126 

34.9 
31.8 
2fi.9 

27 
28 
29 

3400.0 
4000.0 
4700.0 

191 

157 
124 

642 
451 
294 

7.6 
5.3 
3.5 

L.  « 

1  1  0    0                                    HiitiH  tl 

130.0         ^ly           76*13  91.0 
loO.O          6«9            0729  BO.l 

'  790ro' 

19  9i0.0 

20  1100.0 

2ia 

165 

1 J-3 

22i<6 
1990 
1625 

20.3 
23.  7 
21.7 

3U 
31 

32 

5500.0 
6500.0 
7700.0 

8/ 
56 
22 

1  /O 
63 
25 

2.0 
.9 
.2 

r  9 

i  " 

1 1 

160.0         9ia           6060         72. « 
220.0         Q'ib          bibb  61.5 
2b0.0         652           a710  56.1 

21  1 3U0  0 

22  1500.0 

25  laoo.o 

i  1  J 

169 
163 

1477 
1286 

1  Q  t-, 

1  7  •  O 

1  7.0 
15,3 

Si 

34 

VOOO , 0 
11000.0 

3 

3 

iTalue 

1 

tXCttOED  V  PEKCtNf  OF  TIME 



1 

u  0  S  = 

_^  '                                               '  ^ 

1 1 U .  ii"        ~'                "'  * 

■  ■  ■       —  ■ 

V9U  = 

130. U 

1    V75  = 

170.0 

i     V70  = 

190.0 

!    VbO  = 

290.0 

V2b  = 

(360.0 



2OU0.0 





  -  

 --i  :w  ' 'it  - 

—  '"■  '*  ' 

1 




•;iiiV'nHl'lll'"'"i 

• 

i 


9 


1       Ifyl    iiU.n  VhLUL 


I  u  I.  L'  D  I  


1  <^  (Ml 

1 , 


^    -J    I  .  L  1 


C.vo  O.bO 
■-I I  I--- 


A  I 


^•'^^  iJ.l  0.0«        0.0^'    0.01  o'.o 


I 

l_ 
I 

*  ll. 
I 


»    <  X 


r 

X  Q 


•I- 


X  * 


*  X  X  «x 


•--I- 

*  * 


I 


1.11 


l.ds 


Ob 


lOUOO 


10 


50 


I 

—  I  — 

100 


1000 


duo 


I  tit.  (•  L'LLU.  I'. 
X   -  li.rUI 


-  A  LALLUL 

-  A  LALLUL 

-  li'U  I.\H'I 

-  InA'tr  jV. 

-  A  CiLLUL 

-  LALUJL 


h   bt.-:iULb   i'.hY    Af-rtAK    l.-i    Ifit  KLUI 

OA  I  A    V  'tLUt 
ultU   VALli't  ■ 


Altl)   VALUt   ANU  UMt   UAIA   VALUt   Al    SAME  PUSJllON 
I    'JAM   VALUb5  PLUI  rbD  AJ_SA^_t_PUv>IT  lUN 

plH    L;5T:".^LJLo  rLOliTU  tt  I    b-i.-t   Kij^J  I  \u.->  

>^\tO    VMLUt    -tub    I, .11   U/.I*    VPLUtS   A  I    aAft  t^UilllUN 
AlLi)    VAlLl   A^<i/    If'Kth.    ciAlA    VxLUt.6   Al    6Ai-1t.  f'OSlllU.* 


t 


/,     l^  .-11..;  KthloLi  ci.C/ii«.i-  ttH  Itl-iCtK  30 
1      UAf   l.luh  v4LL;t 


JinPUr   DATA    (/!t«0   VALUto  UMllftO) 


7  'J  ^    .  0  i)  !i 


c:  V  0  .  0  u  0 


/  ^ » 0 .  (1 0  0 


OiOO.OOO 


'JcibU  .000 
iltO.OOO 


TMitO.OOU 

«t;?o.ooo 


6100.000 
6700.000 


bVoO.OOO 

v^lo.ooo 


MtAr.'  = 


SKtivNhiS  ~  -o.aV3 


I    SlAi.UAiM-i  tt>':<uH  liK  c>^t■.•il-Jt.iS  = 

!     C0t^FI_LUMi2  UF    VAklAUu(-i  = 

i  ' 


0.^86 


[    fSKlANCt  LiJUS  =  O.O^b 

SI AMOhKU  UtVlAriUN  LOGS  = 


0.15)7 


~SIANLAt<U  LkWuH'uH  yKtiXntdsi  LUUS  =' 
SbklAL  CCriKbLAIl JIV)  CUtH-XClfcfJl    LOUS  s 


-0.17  7 


CUthF  iLlh-  I    u(-    VJKlAflur.   LdG6   =  0.041 

"."^^oo  1,01        ,       .  n<3^.•^9^ 


0.  VjImT 
O.bUuO 

o.sooo 


O.tiOCO 
U. 1000 

"u.oTcir 

O.OcfOO 
U.UlOO 

y .oobo 


1  .  Ob 

1 .  t  i 

1  .cb 

"~2TW 
S.OO 

10.00 


C3.0U 

t)  0 . 0  0 
10  0 . 0  0 


if  00.  0  0 


io71  .o'dc! 
'<941  .ovv 
bbVV.031 
6i03.593 
671^.71 1 

V133.b3b 

'^l9^.ol^ 


t 


ye. ftp   ^^J^,    V.A.'.    i.ol,  -i. 

1      uttf   Li)"i  tfALUt.   


'5- PKOBAdlLirr 


I  1 


1  0  'J  u 


—  I--- 


—  I--. 


U.bO 


0.1 


O.oa        O.Od     U.Ol  U.uUb 


1000 


1        1  1 

1                       *  X       X    A  *    X  1 

*   X  X  *x 

 |- 

 1- 

 1  |._ 

I  : 

 T'^l  "'K'     '  '      '      '       ■  ■  ^—-I  

1           ..  1 

..  .  1       -  ,:>...-.  ,      j..'>*>^                ,  ,    .  ! 

.  .li*  ;     ■'.'iTn-ir^    lil^ir-!      '   i.    f  ■jiili'ii'nlllli  -  .  i  

5f  ?  ■■  "T" 

  1'  '          1  ■ 

I  ■ 

i.i 

,     X  '  * 

'■'           *    1  1 

!  ! 

\ 

[ 

X             U         *  1 

1  ! 

'riia'*  -'       .1  1   -iff'lln   |.^iifii  <  Tihi                 .aiVrl^i/i  11  -■'  !  

t 

...           X..     .  1  - 

1  ^  — 

 !  .  '    ■  ■(  i—--.  •  ^  !  

l.Oilb    1.01  1.0b 

1.11                    \.i->  i 

5 

1 

10 

25  50 

100  200 

-i 

'""^f^f '■ ftecUrtKtNCE 

If^lEHVALi 

1 

■  1 

 :  ■■   

,1  IHE 
,J     X  - 

FULLU"!        •■iT.'.t'uLb   f.A^    AhKtAK    lr<    1  Ht   PLL"  1 
Alj   INHUl    DAlA  »(ALUfc 

,r  w  - 

'    0  - 

'  a  - 

A  CALLULATEO  VALUt  * 

A  CALCULAfEU  VALUE  AND  OWE  uAfA 

TWO   INPUT   DATA   VALUtS  PLUIIEU  A 

VALUE  Al    SAME  PUSITlON 
1    SAmE  PUSIUUN 

'"1 

1   i  - 

.  !     A  - 

IhKtt    1J^-■I|    L/.M/>    .ALUtS   PLlJlltL-   Al    ^ttMt  PoblUDnl 

«   CALLOLfiltli    iiALLit    AnJ    1  c-U   OAIA    i/ALUtS    I  1    bAl-it  PUSillUiJ 

A   LALLULAitU    VALUt    A.JU    1  Hrcr.t   OAIA    VALUtS   Al    SANit  PUSillU'M 

• 


t 


6IAITUN  r<fiuabuo 


I'yPUJ_  l.'AlP    lltHU   VALUtS  OMIITEd/- 


i. 


u  ,  0  u  i) 


cO.OOU 
dO.UUU 

"wnnnr 


I  1  d .  tiuo 
"  6b.OOO" 


1  e  b  .  U  0 1) 
9b. OUO 


1  1  b  .  0  0  0 
Sb.UOO 


VO.OOO 
100. OUU 


126.000 
bo. 000 


1  lo.uUO 
96.U00 


100.000 
117.000 


96.000 
12b. 000 


-0.  -tbO 


-'-i'^.!L'^!^_tii!iLi^_''''*'^  ^  A  r  1  UN  = 

MtA..   LUij.S  = 
"V?KiAI«Lb  LllbS  = 
SIANDAkO  UtVIAllUN  LUGS  = 


O.Obb" 


- 1 . 1'  11 

^ ^ i  - 1  .'r.'-^K'^tLAIiUiv  CUtH-IHI:.>il  LUGS  = 
^fD!ll  bXLttU  PtVUb  ~ 


O.Olb 


O.Obb 

T?fcLUK(VbM.b  IWItHVAC  — HAkflHclbtV  VffCUr-- 


0  .  ObOij 
0  .  1  UOil 
0.2000 


100.00 

bo .  Ou 
20.00 
10.00 


O.bOOO 
0.8000 
'u  ."TD  uTT" 
0 .  Vh(io 
U.VOOO 


2.00 
1.2b 

1.11 

1.0^ 
1  .02 


1.01 


'tJ.iBb 
be.£?bd 
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STATION  NUMBER  12305000 


DURATION  TABLE.  OF  DAILY  VALUES  FOR  YEAR  ENDING  SEPTEMBER  30 

DISCHARGE.   IN  CUBIC  FEET  PER  SECOND 
MEAN 

KOOTENAI  RIVER  AT  LEONIA  IDAHO 


CLASS 

0  1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

YF.AR 

NUMBER 

OF 

DAYS 

IN 

CLASS 

1972 

3 

8 

10 

16 

22 

9 

7 

28 

20 

23 

17 

2 

5 

2 

19 

13 

11 

6 

10 

16 

b 

3 

7 

8 

9 

4 

6 

6 

23 

9 

15 

20 

4 

1973 

4 

6 

9 

7 

25 

27 

5 

53 

23 

14 

15 

16 

14 

10 

15 

3 

9 

2 

3 

6 

3 

3 

33 

9 

4 

7 

9 

19 

11 

1 

1974 

1 

4 

12 

7 

9 

4 

3 

1 

13 

7 

4 

11 

11 

19 

40 

20 

17 

n 

13 

11 

45 

28 

6 

5 

14 

11 

15 

13 

5 

4 

197S 

5 

15 

13 

4 

8 

2 

12 

8 

11 

6 

7 

16 

9 

13 

33 

5 

29 

9 

41 

22 

17 

14 

47 

19 

1976 

I 

3 

7 

15 

2b 

14 

29 

15 

39 

15 

24 

46 

37 

29 

9 

13 

42 

1 

1 

1 

1977 

20 

7 

23 

16 

20 

17 

14 

9 

12 

12 

22 

10 

20 

17 

46 

21 

17 

27 

30 

4 

1 

1978 

3 

22 

15 

9 

6 

18 

27 

16 

29 

26 

35 

28 

52 

26 

6 

17 

23 

5 

1979 

14 

7 

36 

6 

5 

32 

27 

37 

11 

21 

11 

13 

14 

10 

23 

6 

2 

17 

38 

33 

CLASS 

VALUE 

TOTAL 

ACCUH 

PERCT 

0 

0.0 

0 

2922 

100.0 

1 

2270.0 

7 

2922 

100.0 

2 

2500.0 

14 

2915 

99.8 

3 

2700.0 

19 

2901 

99.3 

4 

3000.0 

29 

2882 

98.6 

5 

3300.0 

66 

2853 

97.6 

6 

3600.0 

95 

2787 

95.4 

7 

4000.0 

37 

2692 

92.1 

8 

4300.0 

160 

2655 

90.9 

9 

4800.0 

96 

2495 

85.4 

10 

5200.0 

9? 

2399 

82.1 

11 

5700.0 

99 

2307 

79.0 

CLASS 

VALUE 

TOTAL 

ACCUM 

PERCT 

12 

6300.0 

89 

2208 

75.6 

13 

6900.0 

99 

2119 

72.5 

14 

7600.0 

80 

2020 

69.1 

15 

8300.0 

125 

1940 

66.4 

16 

9100.0 

123 

1815 

62.1 

17 

10000.0 

115 

1692 

57,9 

18 

11000.0 

179 

1577 

54.0 

19 

12000.0 

108 

1398 

47,8- 

20 

13000.0 

228 

1290 

44,1 

21 

15000.0 

98 

1062 

36.3 

22 

16000.0 

106 

964 

33.0 

23 

17000.0 

150 

858 

29,4 

CLASS 

VALUE 

TOTAL 

ACCUM 

PERCT 

24 

19000,0 

231 

708 

24,2 

25 

21000,0 

131 

477 

16,3 

26 

23000,0 

70 

346 

11.8 

27 

25000,0 

50 

276 

9.4 

28 

28000,0 

72 

226 

7.7 

29- 

30000,0 

54 

154 

5.2 

30 

33000,0 

36 

100 

3,4 

31 

37000,0 

29 

64 

2.1 

32 

40000.0 

26 

35 

1,1 

33 

44000.0 

8 

9 

,3 

34 

49000,0 

1 

1 

VALUE  EXCEEDFO  >P*  PERCENT  OF  TIME 


V95  =  3600.0 

V90  =  4400,0 

V75  =  6400.0 

V70  =  7400.0 

V50  =  12000.0 

V25  =  19000.0 

VIO  =  25000.0 


t 


t 


STATION  NUMBtH  12305000 


DURATION  TABLE  OF  DAILY  VALUES  FOR  YEAR  ENDING  SEPTEMBER  30 

DISCHARGE.   IN  CUBIC  FEET  PER  SECOND 
MEAN 

KOOTENAI  RIVER  AT  LEONIA  IDAHO 


CLASS 

0  1 

2  3 

4 

5  6 

7  8 

9 

10 

11 

12     13  14 

15  16 

17  18 

19  20 

21 

22  23 

24  25 

26  27  28 

29  30  31 

32  33 

YEAR 

NUMBER  OF 

DAYS  IN 

CLASS 

1969 

4 

11 

47 

13 

21     40  38 

45  14 

4  8 

a  8 

7 

9  B 

10  9 

8  15  19 

10  9 

1970 

2 

7  8 

8  12 

50 

36 

18 

44     SO  23 

10  14 

6  5 

4  7 

8 

6  8 

5  10 

12     6  4 

2 

1971 

7 

16  18 

11 

39 

31 

34     23  12 

13  24 

7  14 

7  8 

5 

2  13 

16  10 

8     6  12 

13  11  3 

CLASS 

VALUE 

TOTAL 

ACCUM 

PERCT 

CLASS  VALUE 

TOTAL 

ACCUM 

PERCT 

CLASS 

VALUE 

TOTAL 

ACCUM 

PERCT 

0 

0.0 

2 

15705 

100.0 

12 

5200.0 

1419 

10263 

65.3 

24 

29000.0 

419 

2365 

15.0 

1 

1070.0 

1 

15703 

100.0 

13 

6000.0 

1187 

B844 

56.3 

25 

33000.0 

415 

1946 

12.3 

2 

1200.0 

14 

15702 

100.0 

14 

6900.0 

865 

7657 

48.8 

26 

38000.0 

352 

1531 

9.7 

3 

1400.0 

14 

15688 

99.9 

15 

7900.0 

775 

6792 

43.2 

27 

44000.0 

410 

1179 

7.5 

1600.0 

40 

15674 

99.8 

16 

9100.0 

822 

6017 

38.3 

28 

51000.0 

300 

769 

4.8 

5 

1900.0 

98 

15634 

99.5 

17 

11000.0 

286 

5195 

33.1 

29 

59000.0 

208 

469 

2.9 

6 

2200.0 

195 

15536 

98.9 

18 

12000.0 

521 

4909 

31.3 

30 

68000.0 

150 

261 

1.6 

7 

2500.0 

553 

15341 

97.7 

19 

14000.0 

397 

4388 

27.9 

31 

78000.0 

64 

111 

.7 

8 

2900.0 

889 

14788 

94.2 

20 

16000.0 

467 

3991 

25.4 

32 

90000.0 

29 

47 

.2 

9 

3400.0 

996 

13899 

88.5 

21 

19000.0 

381 

3524 

22.4 

33 

100000.0 

16 

18 

.1 

10 

3900.0 

1215 

12903 

82.2 

22 

22000.0 

344 

3143 

20.0 

34 

120000.0 

2 

2 

11 

4500.0 

1425 

11688 

74.4 

23 

25000.0 

434 

2799 

17.8 

VALUE  EXCEEDFD  PERCF,NT  OF  TIME 


V95  =  2800.0 

V90  =  3300.0 

V75  =  4500.0 

V70  =  4800.0 

V50  =  6800.0 

V25  =  16000.0 

VIO  =  38000.0 


ANNU4L      PEAK      FLOW      FKFCU^  ANALYbIS 
FOLLOWING  ¥kC  GUIDFLINFS  buLL.  17-A. 

UPTIONS  IN  FFKtCT  —       PLOT     NQBC     LGPT     NODfl     PPOS     NORS     EXPP  CLIM 

STATION  -  laio^inoo/PK  kootenai  rivf«  at  LEONIA.IO. 

INPUT       DATA  SUMMARY 


RUN-DATE    10/11/nO  AT 


l^i       Sl  .0001 


1?305000/PK 


—  YEARS  OF   KECOKO  —         HISTORIC         GENERALIZED  SKEW 
SYSTEMATIC       HISTORIC  PEAKS  SKEW  OPTION 


-0.300 


GENfcPALI7F0 


GAGE  HASE 
DISCHARGE 

0.0 


USER-btT  OUTLIER  CRITERIA 
HIGH  OUTLIER       LOW  OUTLIER 


NOTICF     —     PRELIMTMAl^Y  MACHINE  COMPIJTA  flONS. 
USER  RESPONSIBLE  FOR  A«:SESSMENT  AND  INTERPRET AT  ION. 


«»»««««»« 


8 


«»WCF11HW-SYSTEMATIC  RECORD  SHORTER  THAN  WRC  SPEC. 

WCF13ai-i-)0  SYSTEMATIC  PEAKS  WERE  BELOW  GAGE  BASt  . 

HCF19bI-N0  LU*  OUTLIFRS  WERE  DETECTED  BELOW  CRIIERIOM. 

WCF163I-N0  H»3H  OUTLIERS  OR  HISTOf^IC  PEAKS  WERE  NOTED. 
•WCFISII-WPC  WEIGHTED  SKEw  REPLACED  RY  USER  OPTION.  -0.300 
»»WCF233*-E>'PECTEU  PROP  OUT  OF  RANGE  AT  TAR  PROS.  0.00000 

WCF002J-CALCS  COMPLETED.     RETURN  CODE  =  2 


0.0 

-0.300  1 
0,00200 


SYSTEMATIC  RECORD 
WRC  ESTIMATE. 


ANNUAL  FREQUENCY  CURVE  PARAMETERS  —  LOG-PEARSON  TYPE  XII 


FLOOD  9ASE 
DISCHARGE 

0.0 
0.0 


FLOOD  riASE 
tXCEEDANCE 
RROBAblLITY 

.  1.0003 
1.0000 


LOGARITHMIC 
MEAN 

4.5823 
4.5P23 


LOGARITHMIC 
STANDARD 
DEVIATION 

O.ISID 
0.1578 


LOGARITHMIC 
SKEW  . 

-0.307 
-0.300  < 


ANNUAL  FRtOUENCY  CURVE  ORDINATES  —  DISCHARGES  AT  SELECTED  EXCEEDANCE  PROBABILITIES 


ANNUAL 
EXCEtOAMCE 
PROBABILITY 

0. 99=^0 
0.9900 
0.9500 
0.90On 
0.8000 
0.50O0 
0.2000 
0. 1000 
0.0400 
0.0200 
0.0100 
O.CC^O 
O.OO'O 


WRC 
ESTIMATE 

13538.4 
15164.4 
20417.0 
23750.7 
283J3.5 
38919.4 
52103.0 
60085.0 
69436.8 
75937.2 
82087.7 
87964.1 
95394. 1 


SYSTEMATIC 
RECORD 


13507.8 
15137.9 
20404.4 
23746.2 
2bJ38.4 
38935.2 
52106.3 
60065. 3 
69374.0 
75834.1 
81938.7 
87763.8 
95118.6 


•FXPECTED- 
PPOBABILITY' 
ESTIMATE 


7810.6 
1 0099.2 
17430. H 
21473.5 
26920.7 
38919.4 
54301.1 
64770.4 
78967.3 
90R87.4 
103554.0 
117646.1 


95-PCT  CONFIDENCE  LIMITS 
FOR     WRC  ESTIMATES 
LOWER  UPPER 


5720. o 
6967.(3 
11601.6 
14930.6 
19805.6 
30886. tj 
42006.9 
47623.9 
53619.3 
57534.9 
61097.3 
64394.4 
68437.9 


19481.8 
21 189.5 
26603.2 
30076.9 
35115.6 
49469.5 
749^4.1 
94164.9 
119716.4 
139284.7 
159100.7 
179181 .8 
206138.4 


f 


STATION  - 


1230'=000/PK 


U.    S.   lif-ULOr.ICiL  ^^t.V 
FOLLOWING  WRC  PUinFLlN'^^S  HULL.  W-A. 
KOOTFMAI   klVFW  AT  LFONIA.IO. 


kUN-OATE    lO/ll/MO   AT        19       Se.  .0001 

l?30^unO/^'^ 


^| 
|| 

A 
L 

P 
p 
A 

M 
A 

r, 

M 

T 
T 
II 

n 

F 
C 


r 
ft 
I 

F 
/ 


loocoon.n 


31S999.9 


100000. n 


31600.0 


NOTICE 


II  II 

II  11 

II  II 

<nn>«»      KiOTICF  •»»»»» 

-   PPELIMIMARY   MACHINE   COMPUTATION.  • 

•     USEW   I<5  RESPOM'^IRI.  F  FOW  ASSESS-  » 

»  MENT  AND   IMTEPPPF lATION.  • 

II  II 


PLOT  SYMBOL  KEY 
•     WPC  FINAL  FPEOUEMCr  CUPVt 
0     04SEPVEI)   (SYSTEMATIC)  PEAKS 
«     HISTORICALLY  AOJUSTtO  PEttKS 
«     SYSTFMATIC-RFCOPD  FREO  CURVE 
WHEN  POINTS  COINCIOE.  ONLY  THE 
TOPMOST  SYMBOL  SHOWS. 


I 
I 

•  « 

I 


0 


0  »  u 


0» 


0» 


_  1j 


10000. n  ♦  

99. b  99.0 


2.0     1.0     1.S  f>.2 


U.   S.   GEUL0GIC41.  , 
ANNUAL     PtAK     FLOW  FRFTOll 
FOLLOt^ING  hHC  GUIDELIMF5 


Y  ANALYSIS 


(OPTIONS   IN  FFftCT  --       PLOT     NOHC     LGPT     NODB     PPOS     NOWS     EXPP  CLiM 
STATION  -  1230';000/USGS         KOOTENAI   RIVEhi  AT  LFONIA  IDAHO 

INPUT       DATA  SUMMARY 


—  YEARS  OF  t^teOHD  — 
SYSTEMATIC  HISTORIC 

52  0 


HISTOhJIC 
PEAKS 


GENERAL I ZtO 
SKEW 

-0.300 


SKFW 
OPTION 

GENERAL I^FO 


GAGE  dASE 
UISChAHGE 

0.0 


RUN-DATE   lO/ll/HO  AT 


U5E»<-3tT  OUTLTFR  CHITEkIA 
HIGH  OUTLIER       LOW  0UTLIE>* 


19       Stj  l.OOOl 


la.TOaOOO/USOS 


NOTICE     —     PPFLIMINARY  MACHINE  COMPUTATIONS. 
USER  REbPONSIBLF  FOR  ASSESSMENT  AND  INTERPRcTATION. 

««toCF109W-PFAKS  WITH  Ml SS I NG-0 I SCH ARGF  COOFS     WERt   BYPASSED.  8"^ 
»»WCFn3W-NUMPER  OF  SYSTEMATIC  PEAKS  HAS  HFEN  REDUCED  TO  NSYS  = 

WCF134I-N0  SYSTt«<ATir  PEAKS  WERE  dELOW  GAGE  BASE.  O.U 

WCF1>J5I-N0  L"W  OUTLIFRS  WERE  OETECTFO  HELOW  CRIIERION.  d'*3?l.'**^ 

WCF163I-NO  HIGH  OUTLIFRS  OR  HISTORIC  PEAKS  WERE  NOTED. 
•WCF  I'd!  I-WPC  WEIGHTED  SKEW  REPLACED  BY  USER  OPTION.         -0.428         -0.300.^  1 

WCF002J-CALCS  COMPLETED.     RETURN  CODE  =  2 


ANNUAL  FREOUENCY  CURVE  PARAMETERS  —  LOG-PEARSON  TYPE  III 


SYSTEMATIC  KtCORD 
W  R  C  ESTIMATF^> 


FLOOD  8ASE 
DISCHARGE 

0.0 
0.0 


FLOOD  BASE 
EXCEEDANCE 
PROBABILITY 

l.OOOU 
1.0000 


LOGARITHMIC 
MFAM 

<!».H4?9 
4.flA29 


LOGARITHMIC 
STANDARD 
DEVIATION 

0.1247 
0.1247 


LOGARITHMIC 
SKEW^ 

-0.804 
-0.300 


ANNUAL  FREQUENCY  CURVE  ORDINATES  —  DISCHARGES  AT  SELECTEU  EXCEEDANCE  PROBABILITIES 


ANNUAL 
EXCEEOAMCE 
PRORAblLITY 

0.99?n 
0.9900 
0.9500 

0.9onn 
O.bono 
0.5000 

o.2ono 
O.ioon 
0.0400 
0.02P0 
0.0100 

0.00*^0 

0.00?0 


W  R  C 
ESTIMATE 

30674.3 
33549.8 
424J6.8 
A7823.0 
54976.3 
70647.7 
88960.4 
99564.6 
111619.2 
1 19796.7 
127399.6 
134552.2 
143454.6 


SYSTEMATIC 
RECORD 

266P1.5 
30346.4 
41066.2 
47451.6 
55bR0.6 
72345.6 
89041.1 
97299.2 
105486.5 
110356.5 
114^21. 2 
117863.5 
121668.0 


•FXPECTEO- 
PROBABILI fY' 
FSTTMATt 

28700. 1 
31943.2 
41616.4 
47143.4 
F459b.9 
7C647.7 
B9459.3 

100631.3 

113512. 3 

122719.6 

m268.1 

139609.6 

149529.3 


95-PCT  CUNFIOENCF  LIMITS 
FOR     W  R  C  ESTIMATES 


LOWEri 

25281. t> 
28140. s 
37183.8 
42752.3 
50143.8 
65744.5 
82354.1 
91363. o 
101263.3 
107825.  1 
1 13837. J 
119424.9 
126298.7 


UPPER 

35286.1 
3B144.6 
46fl97.5 
52204.1 
59355.0 
759^7.1 
97637.6 
111051.5 
126863.9 
137B72.1 
148285.1 
158224.5 
170775. 1 


t 


((•■rv  >fi4^?/7q) 


IJ.    S.  GfOLPfilCAL 
ANNUAL     Pt4K     FLOW  F"REn 
FOLLOWING  HKC  GUIOFLINF 


y  flNALYilS 
uLL.  17-4. 


STATION  - 


315'J9<)9.n 


ISaosOOO/USr-S         KOOTENAI   RIVEK  AT  L>^OMA  TOAHn 


P 
F 
A 
K 

A 

r- 

M 
I 

T 
II 

n 

F 


/ 
I 

n 
r- 

C 

A 
I 

F 
/ 


RUN-OAIE    10/n/«n  *T 


19       S!-J  l.OOOl 
l?30t>0n()/(JSGS 


1000000.0 


31S999.9 


100000. n 


31^)00.0 


I 


I 


I 


10000.0 


I  I 
I  I 

II  II 

NOTICE  NOTICE  <t«oe«» 

»  PRELIMIKiAHY  MACHINE  COMPUTATION.  « 

•  dSfiR  IS  HFSPONSIHLF   FOR  ASSESS-  « 

•  MENT  ANO   INTERPRETATION.  » 

II  II 


PLOT  SYMBOL  KEY 

•  WRC  FINAL  FREOUENCY  CURVt 

O     OBSEPVED    (SY<iTFMATIC)  PEAKS 

*  HISTORICALLY  ADJUSTED  PtoKS 

#  SYSTFMATIC-RECORO  FHEO  CURVE 
WHEN  POINTS  COINCIDE.  ONLY  THE 
TOPMOST  SYMttOL  SHOWS. 

I 
I 


0  0 


0»0  0 


0 


»0  00 


000*0 
00  • 


0»000 


noo* 


»00  00 


0  o  0 


-0»0 


>«-«- 


0» 


99. b  99.0 


95.0       90.0  80.0     70.0  50.0  3o.O     20.0  10  0 

ANNUAL  EXCEEDANCE  PROBABILITY.  PERCENT        (NORMAL  SCALE)* 


5.0 


2.0     1.0  0.5 


0.2 


t 


V 


APPENDIX  B. 


Well  Logs 


HATfl  OP  MONTAMA 

AOMiMsnurott  t»  oiounowatm  com 

IKOWTAMA  WAta  tMOWKH  iOAtD 

NOTioE  or  cofMnmoN  op  ohoundwater 

APPtOMHATION  tY  MEANS  OP  WSU 
Pi'iiliyni  dhm  immtrf  I,  IMS 


Coortfy 


um,  mi,  M 


Top  d  Ground 


Indicate  th«  characMr,  cotcf,  Mck- 
rwM  of  Mrat«  Mich  «  toil,  dffy,  iwvdl, 
graval.  tlwie,  MndMow,  «le.  Shew 
daplh  M  wNch  w«tar  is  (eund^  m4 
holflhi  to  *Wdb  ¥rt(w  ri^|ij^  |i^  w|J^^^|- 


to  bo  fiM 

copy  to  bt  r«taino«f  by  driltor. 

Wom  amwor  oH  quMHona.  tf  not  appik^blo,  to  tUf,  e*fmwi%m  ih« 
fowvi  fiMy  bo  fotofftod4   ^  


TW*  form  to  bo  proparod  by  drftlor,  and  *hroo  copiot  to 
hf  tfw  Mwnn  wmt  tho  County  Ctorfc  and  Kowndot  In  tha 
wAifch  Uto  woll  U  locatod.  I«<t  oopy  to  bo  rotainod  by  drll 


Ownor  „JtBtfM..KnHM  

Addrow  -  

.  ScWt^-MKtMR.   

Oato  woll  atattodinSMtJUJUnS. 
complotod  iAf;«rtL.ll*.lffni.. 

Typo  of  woll  .  ..JrlXUdl  

EqulpmonI  utod  ..ALr..M^fff.  


For  Adminittrator'i  Um 


Filo  ....^Q^.y....^...  

Gw  I  II  Sju-  .^-nr. 


(Oat.  «n«««.  «Kn4  ac  AiMttf) 


(Ckani  MM,  mtr,  n  vOmt 

Watof  Um:  Domo«tic  B     AAuntcipsi  □     Stock  Q      Irrigation  □ 
bidiMtrial  □     Ora>r>ago  □     Othor  □*      Gardan/Lawn  □ 


*Ooaatbo   _  _  _  

IMi  If  utod  for  irrigation,  Induttrial,  drainage  or  other.  Explain, 
•tato  rnimber  of  acres  and  location  or  otiier  data  O-O-  Lotf  Block 

and  Addltwi^  

ESriMAra)  ANNUAl  WITHD8AWAI  ...  TS»  OQO  CW*  #r.  jrSTe  


.  .ik-  'A  .«.<,.'..V4  5tK..  ' 
T  3i  ;^    .N  R  


Static  water  level   IB  ft.* 

Pumping  wafer  level   ft.* 

at  .  JbCWfiO  gallont  per  minuie, 

ir>easure<^^  minutes  after  pumping 
began. 

*\\easured  from  ground  level 
Well  developed  by  air. 

for  ...i...  iiours. 

Power   Pump   HP 

Remarkj:  (Gravel  packing,  cementing. i_ 
packers,  type  of  «hotoff)   {_ 


W 


INDICATE  lOCATION  OF  VV«U  AND  PLACE  OF  USE,  IF  POSSIBLE. 
EACH  SMAU  SQUARE  REPRESENTS  40  ACRES. 


Oriller't  Signature 
Driller's  Address  f*  li*  jicu.  967 


I  «i>iii»^« 


11^"^: 

'ill 


DVPUOAn 


STATE  WATFR  CONSER-^TION  BOAW) 

'  '  '.  •  .  • 


Co. 

0.V  Iw'l 


Qf\d  Grovel.  Driiur  Wm.      L^i^-_Addr«MLii!>by.  M0V>ii 


87ATB  or  MORUllA 
AOKZHIITXATOfi  OF  flttOOllfiirAnft  OOSHI 


NoHc*  of  CompidSioii  of  QromuKinlor 
AppfopriaHon  by  UmK»  Woll 

(VvAitr  Cli«pt«r  237,  Motituw  ^tmiva  Lam,  ISeX) 


O-/'  Jopsoil 

/  •  /#  oondy  Clay.         ->    1 1     j  / 


.im>      if  *  '  cl^^J^  *  Oct  -24/^il>«te  C<mpleUdX)cl.A.2lt.l9iJt  \ 


D»tr  of  NqttM  of  AppropriiitioB  of  Oroaiidw«t«r.  


drilled 


and  Wafer.  "^^^  "^^^  ^ 

Water  Use:    Domettie  0 
IndnstriKl  □ 


Efjnipment  Uwd....ch.UJ!!!n-.L-.J;;! 
< Cham,  drill,  roiaurjr  or  ,;  'j 

other)  y  i 


Manicipal  Q 
Drausnge  □ 


Other  □ 
Stock  □ 


I?rit«ti«i  □ 


lDdic«te  on  the  dUgrraio  the  eluirscter  and  tkiekit«M  of  the  d!{f«r«rt 
strata  saH  with  in  drilUcg,  such  a«  toil,  clsy,  ahale,  ifr&rcl,  rack  or  aaad,  etc. 
Show  dcpiii  St  which  water  is  cncocntered,  thit-lnieiB  asd  ei>ar»j:ter  cf  watw 
brariiic  strata  ard  heiirht  to  which  water  riitea  in  thf>  weU. 


W^tki>( 

per  (ot^ 


one 


•Static  Water  for  non-flowinf:  Well  MO    .fett. 

Shut-in  I'remiare  fur  Flowisg  Wall    

Pumping  Water  Level   ...feet  at.   per 

I)isehari;e  in  gal.  per  min.  of  flowing  w«U  

llow  TeKted  bili  l  ^CC  Length  of  TetL^—^^brS. 


Reitiarki:  (llrarel  packing,  ermeating,  paekert,  t^p*  of  ahntofif,  lo<»> 
tioo  of  plaee  of  bm  of  groiuidwattr  if  iwt  at  vtQ,  asj  uif 
other  aimiUr  pertiaent  information,  iMhtdisg  anaber  ftt 


IiidiMt«  location  cf  well  and 
plaea  of  Que,  if  poaaible.  Each 
unall  aquare  represent*  10  arres. 

Show  auct  (l«pth  of  botteas. 


acre*  irrigated,  if  uted  for  lmg*tii9n).-<^..ACiC7.C.. 

<ix af^F/^/  4''    ^  <^v%?:  


 JS2  

Driller 'i  License  Number 

nnllcr's  Siirnstnre 


Kile  No 

DuniQAn 


STATE  WATIR  CONSfRVAHON  BOAfiO 

NOV   I  5  19CS 





0'-/'  Top*o»/ 


Data     Notim  of  Approprurtioa  of  Qraindw»ter 

and  <aroi/e/.      *r»»«.  i»«d «  —      •  ' 

J  wat«p  U»e :  Domestic 

Qrvd     WOTCr.  ladartTtalD 


ee,i:..  . 


M  -t  .\.- 
■'/.fi.n  


mm  or  M«n»xii^';^r^ 
JiPMnronufofc  «r  "  ^ 


(Chtini,Mli,Mtn7«r 
•ikw) 


Draiuire  □       Stcwk  □  ,  . 

^  IfidicAU  on  the  dugrw  tk«  ebuveter  ud  Uu«knas«  «{  tiw  ^tttwail  ' 
»tr»t«  met  with  in  drflliajr,  neh  m  •oil.  eky,  shtW.  fnv^  ro^  «.  «t«. 
Shovr  d<ptU  at  whieh  wmtfr  k  eneoontewd,  tUekiMM  tad  eiumter  d  ' 
brariDg  »trtt«  and  height  to  whioh  wtter  rites  b  tb«  well 


6-J.D. 


IS.97  LU  \  O' 


T* 

52' 


SUtie  Water  l^vcl  for  non-flowing  Well  

Bhut-io  Pressure  for  Flowing  Well   „, 

I'umpinf  Water  Lerel  tSil.  f«>et  at. 

I>ij«eharge  in  gal.  p«r  Kiia.  of  flowing  wtU.  

llovr  Teated  ki0.llQr  Ungth  of  Te-t-JLtCfi 


iiemarka:  (Clrarel  packing,  eemesting,  packcn,  typa  «t  ^^tntt, 
tion  of  place  of  «m  of  grooadwatar  If  wH  at  woi^  ud 
other  aimilar  pertinant  bifomatka;,  iaetadiBg 

acrea  irrigated,  if  asfd  for  irrigatioa}  


'^tt'.W        Seca^^_  tJA  E.!?.y 

Indicate  loeation  of  well  and 
plaoe  of  vac,  if  powible.  Each 
anal)  aquarr  repreaenu  10  aerm. 

Hiow  axaet  dtpth  of  bottom. 


 /dJL..  

Driller's  Lieente  Nnaber 


• 


OW  1  ^ 

File  No...-    

mmioAxi 

LOO 

Top  tS  Qmni 
(Brr.  aibam  ■••  Iwil- 


SEP  14  «66 


a 


jTAZB  or  Moar&OML 


A»|>n9|»ria%ri  by  Mam  ol  liMI 


(Under  Cfe»pt«-  SS7,  MonUM  8«irioB  Uw^ 


.    lJ    •    ^  J    I>«t«>  of  Notice  of  «w»roprl»tk>n  of  gnwr  . 


T^gi^of  well 


„.  Equipment  xmeiL^  ^ 


,  Driven. 

Water  me:       Domeetlc  0  Mnaidpal  Q 


 !0 

Industrial  Q  .  D»i«»*««  □ 


Stock  □  IrricstiaB  Q 
Otker  O  : 


I 


TiuUfl«te  on  the  diairrwa  tie  eharaotcr  and  tUeknew  of  the  dMmfli  iMa 

dSTaiwhi^  wauV  U  cncomitered.  ttkfc««  and  «&*iMtef  of  wM^Msg 
and  height  to  which  the  water  rieea  in  the  welL 


Static  Water  T-*vel  for  noo>Cowiaff  wtB 


SLut-ln  Pre«rar«  for  Flowioe  Wdl-»-. 

Pumping  Water  Lerel  ,3,1^ 

,      «t  jS-  4taL  per  ntontak 

DioMharf e  in  gal.  per  min.  of  flowtag 


How  Teated — ^ 
Lf  myth  of  T*«»_r. 


•       ^  Remark*:  ( Qrarel packing, ee!neBtfai|,paidb- 

ff  Ti- .  type  of  ahntoff)  ™  i^l— 

Indicate  location  of  well  and    --    " 

place  of  n»e,  if  powible.  Each        

amall    •<juare    reprcscnte  40 

seres.   " 


 (Continue  on  rer<<Taa  aide) 

U8t-lf  u»e<l  for  irriKati^.n.  inJustrinl.  dmiMgc  or  other  Bxpbin.  aUU 
numlH-r  «f  ncr.-i  un.l  l..<-«tion  <.r  ..ther  data  (i.e.:  Lot.  block  awi  Addl- 
tion) . 


et*rt  d«e4,i  -3?  hn^"m. 


Kilr  \.. 
DUPUOATB 


Top  of  Oraud  — 
(Kl«r.  alwra  m  UrnH.: 


<Tr<"cJ  iin.k  (   ti»    Vai(  riMakaw  to.  Mrtnv.  M«»a»— 400. 

rFATK  or  MOVTAjrA 
ADMDmmtATOK  or  fflWOWIWATEI  (WM 
OmOX  or  tTATS  skcgdissr 


Notk*  of  Compi«Hon  of  Gfounciw«l«r 
Appropf8«tion  by  Meamt  of  WoH 

(Under  Chapter  237,  Montana  Smhmm  I<««a,  1081) 


Owne 


Drillfr.  ^jj .U.U  (itn/ 


AddrMS . 

D«lr  of  Notice  of  Appropriation  of  Groundwater    _„„  


Irricktkm  Q 


0'  r  f^j^- 

lit'    in  '  W  J  dUllLtdL          Eqttlpnwnt  U«d..  CAuAXliL. 

I  J  'UJL      \JUiU,  OiA*^  (*»r.  «W»aJ.  boiTd  or                        (Chum,  drill.  Mtary  «r 

<^  driUad)  other) 

t     ^  t  It           M            t  '^">"''''  ]0       Municipal  □       Other  □ 

^  -  J?^  JM/HX.  QAld.  Induatrial  □        Drainajfe  □       Stock  Q 

A-^4jJ(.tuA'4*  ,  Indicate  on  the  diasram  the  character  arsd  tiiickneta  of  tlia  ^arrat 
atrata  nu-t  with  ia  drilling,  inch  aa  aoil,  clay,  ahalr,  grarel,  roek  or  sas4, 

Off^DQ  *CjLtkAL  Ct/*^-^  ^^'"^  depth  at  whieh  water  ia  enooontcrod,  thicki»es»  and  charut«r  of  mMt* 

^1       ^jl"  bearing  utrata  and  beijtht  to  which  water  riaet  in  the  well. 


-27 


-fact 


Static  Wati-r  f^evt-i  for  iion-flowins  Well  

8Lut-ia  Pressure  Ut  Flowing  Well    

I'limpinff  Waif  r  Level  ^rt  ^T         feet  ai  JJi,  ijal.  per  nimtt*, 

Diicharj.'re  in        per  min.  of  flowuig  well  „   


How  Tested 


tUj2J.  


Length  of  Teat... 


Hemarka:  (Qrarel  packing,  cementing,  packara,  type  of  ahtttoff^  iMft- 
tion  of  place  of  oae  of  ^roimdwater  if  not  at  veil,  nod  VXf 
other  aimUar  pertinent  information,  incladiag  nuaber  it 

acres  irtipited,  if  uaed  for  irrigation).-..     


plaea  of  oao,  if  po«aiblf.  K»ch 
nail  aqoare  repreeerta  10  aerea. 

Show  tzft«t  dapUk  of  bottoBL 




Driller 'a  LieenK-  Number 
Driller 'a  Sijfnature 


This  form  to  he  prfivir^  bv  driller.  «nd  threr  ccmm  to  In-  fili-d  bv  xV.f  owner  witb  tin-  (  ountr  J.'jfrli  and  Ri>ecrdfr 


t 


t 


.-.V 


/     ,  -  •  -  - 

::-r  ::v.-;r  <?.-.'^-  - 

i.    »<L>.L  J.-' 

~   ■ ,;r.o  _  ^c-'rc  r  t 

'  A::irt  -  ; 

■-•11  — 

WELL  ld:  report 


L.: 


i.  rr. 


c 


Dl  r.;rv  I  c  r        ho  1  c  ii^}J}_ ; '.* ;  '  ■  .  '  •    t : ■  ii3  . .:" : 

Caplr.i;:  5.- 1      J_  i' 1  .■  i  : .   (    -  .•  ; 

__T!irf.i.:.'J  ._?._»«•  I'S'--  Oti^r  (.■'.' 

H-'''fi')  I  1  

Pipe  Wol;-!. (.:!)!  ,T.  :  F:  i  n:  ;>•: 

 lb/ 1 1 .  xtiv  i  ce;  f  I  ci 

lb/ ft  _'<■''^7, 

Wns  porf  i.  rjted  plpv'   "k  n  ^ 


Frr~  it:  .n 


■*?8 


Lun^'.th  (i;  pipe  per  f  .'rnti-.!  

Was  insin^',  loft  vj  ^-n  .'n  !  ' 

W.ib  ^  wi'll  si^rfcn  1  iis  t ]  1  oil .'   Vi 

Hatcri.-il  I>!  I.  

Pcrf ornt  1  (jr.  typ.-:   s]i.ts 

Size  el   trc>ra  !i-t  : 

Size  ;;cl   fror.  f-jvi 

Size  Si  I  f  I  o;-.   i  i-'.-t  t" 

Was  .1  p.'.-i-i'r  IT  I.  ■ 

If  si>,  wli  -.t         >.  r  ; .. !  

Wfil  ty;.-:  Str..i,..i     .  .'n 

W.is  ttii-  V.1  11  <  ';  ' 

"i  o  vh.it  >!i  1  t  ■.    

V..I'. iTi.il  ^.^   u  ir    :•  ■  .:  I  .  _ 

h.-  u:..  '  ^  : 

i:"  jb.'v.-  i-,r..  .<     X  _  • 

(■;"      •'.  •■;  / 


I 

r 


1- 


:  -I 

;  '1 


«.,».;-,    n      "!  "',7  C 


.•pra  ?,  197C 


i:  1 


( 


St.  t  tf        <:  r   l.-v.- '•  6_  :  ■ 

11  :  lo VI :  c  •  .-^v 

cr::  fK  .-  ti;r.--j,-, 

Cor.irolll'J  by:  _2  . 

 utiu  r ,  .-; .   


7.  KtLL  Tifr  jAiA:  )■..-:■  :      _x  .  • .  t 

{If  c;J'*'j',        '■  ;V )fi^_?-L''l.^^l-'  "IT  

PuiLplng  icvpl  below  i.ir.u  ....r:^  i-: 

LO      f  t .  alter    1      hrj.  pur:i;-.i!i.  

f  I .  after  i-.r>.  :  „~-Ir.,  ;,•  ■ 


rilli-::_;<)(,  JLr2„ 


.!  r.v 


t 


Rle  N«i    

ounzoATi 

Loa 

Ttf  ti  flrond 


0»«  1»  IbfMoU. 


Owner. 


end  Olcy* 


(U^d«r  Chtpter  »7  UoBtuia  Sennit  Lawi^  IMO,  n  uMoM)  ^  ^ 


18»-8  H*  act.t  Cl«y  and 


'■is*-';" 


Date  of  Notice  of  spproprimtion  of  rroaadwafaif  J 
Date  well  «Urt«d-J)at<rt«r.S»  lg6&..Datt  eonmlafrft'^^aifc^  ^jii'-.V 


LeoB*  Sand  and 


Typo  of  w»ll  Prill  ad, 


|G*«^*   8«Bd  and  Vatar* 


(DU.  4riTMi.  berwi  w  MM) 

Water  uae:  Domwtie  C    Muaieipal  □ 

Indnutfial  □     Drainage  □ 


lkO*«43  •    Owi»«l  with  Water.    ^  5^1^**  i^.f?*  ^**«™«  th«  <A«rMrter  and  tUdncM  of  the  ^ffilMrml  ■tndi 

depth  at  which  water  k  encoimtercd,  thkkncaa  and  ebsnMt«r  ^yn^kmSZ" 
•trata  and  height  to  wUeh  the  water  risea  ta  the  *  *. 


8tatie  Water  Lerel  for  B«».floi4at 
 36— 

Shnt-in  Preosare  for  flowing  Wdl. 


Pmnpiag  Water  Urel  JJu-_  Je* 

at  35  .gjj,  per  miaHie. 

DiiKharpe  in  gal.  per  min.  of  flvwht  wdl 


How  Te»t«d_paap-.. 

Length  of  Teet  t.J 

■  

le4         Bl/Lj,  A\,;ti^ai  <?.A/C^'«'«'^«=  (Gra?el  packing,  eeMeo«»f.paok- 

.....Vi.....S*«J^.  Uijf..    '"^  »h«toff)...„   

Indicate  location  of  wcJl  and   

place  uf  one,  if  po«siblc.  Each 


imall  iquarc  rcpr«>spnt« 
acres. 


40 


 -  (Continue  on  r-terte  add) 

USE— If  Med  for  irrifration,  indiurtrial,  drainage  or  other    EjnsUia  lUta 
number  of  acrt-a  and  location  or  other  daU  (i.e.;  Lot,  Blo^:!!  and'Ad^J 


tion!. 


SiMw  exact  depth  of  bottom. 


eet 


I   1       r  I  ' '     "i  I'  I II     ■  ' 


■5:  DAfr 


•  •  •    ill..  J  nil  n    ^  ,  'm';'-; 


ml 


PINt— BUREAU 
CANARY  — WEa  OUTrai 

Gca.DENROD — raiuER 


File  No  *2/?3'^'^ 

Uepattment  of  Natural  Resnu-r.es  and  Conscrvat.ion      WHITE  -  CCPARTMEKT 

NOV  z  9  r,/  ] 

^  ,  ,  WELL    LOG  REPORT 

rfiflMir.?o  t^jat  form  ho  filed  by  the  water  veil  drilUv  on  any  water  veil  com- 

tt^JZ  ZTn7LTaft.cy  Jul.,  1.   li7S  :^thU  si.r.  (CO)  Jaua  after  completion  of  the  vet 


Address  •  .     .  '       ''^0    J'^'-^j  ••nif--.*,-  '^^Q'*? 


wtLL  LOCAVliiN: 


County  L5  ''1 


"DoTnestic   ^Stock   ^Municipal  Industrial  ^Lavm  and  Garden 

"irrigation   Other  (,if  Pth  r^  sr^-^ify)  

— 1~.  mi  logl 


mnbO  bklLLED:  ^Cable   ^Bored 

Forward  Rotary   Reverse  Rotary 

 jetted   Other  {if  other,  upccifi,) 


klELL  CONSTRUcllONi 

Diameter  of  hole  6  ID  inches.  Dc-pthJ/L^  - 
Steel   Plastic  Concure 


Deptli  (it.)  


From 


To 


Formation 


CasingS  jc 


Threaded     y  Welded 


Other  (;■/  f  ine.^j 


epecify)  


Pipe  Weight ;Dia.:         From:  To: 

lit001b/ft,ii/ilnches_0  feet  "  ieet 

 Ihftt.  finches  .feet 

^  Ih/ft.  inches 


 feet 

feet  feet 

Was  perforated  pipe  used?   jLJ^'' 


Length  of  pipe  perforated  2  

Was  casing  left  open  end?     ^       y  Yc-;  No 
Was  a  well  screen  installed? 
Material 


 Y'es    V  No 

Dia.  inches 


(atutnleee  sUel,  bi'On^Cj  t  ic.) 
Perforation  typo:       V^J^" J.L_-"^''"^'' 

Size   /        set:  froa   feet  to_ 

Size  set  from_  feet  tci__ 

feel  to 


Size 


set  from 


_holer, 
feet 

 f  ft?t 

Was  a  packer  or  seal  ujcdv   Ye. 

If  so,  what  mrterlal  

Well  typo:  Str.ili;hl  rcri-.  n   r:avi  ^.-d 

Was  the  well  grouted? 

To  what  depth?  

Material  used  in  KVOuLlni'  

Well  hi'au  coirpJcttcn:  Pi;. lu:  -.  .id.nn. 

12"  above  grade  \_  ODu  r  

Uf  other,  cpcjif'.,)  

Was  the  well  di:unfcctcJ  „>_."" 


1  I.:.-' 


:rzzzrz~z  .  -z: 

( :  ■ .  'a:'' 'tr  chert  t  f  nccflsscv^u) 


y  .  UAIL  STAKiTO: 


'■v> 


10.  i-.il  CU  t-L'.  iL13:  - 


T  C7-) 


nrWAS  VAU   .Uill^Eii  OR  /"BMiDONEJ?       Yes  x 


6.  Uhilk  llVlTI 

Static  v;atcr  K  vel  '  V  _  _t  i  .  I  ] 
If    flowing:    clo;.ra-in        .  u.c 

CGPM  flow  thii.'!.,;  
ControlK  d  bv :  VaJvv 


hu  ll  ])  ^  i 


Other,  Bi>,\':  f-j  


7.  WLLL  TLSV  UAI A:   ^  i'mr.-,)       iia i  1 . •  i 


(//  cth^-r,  spcjify)  

Pur.pinj;  level  bclm.'  land  i-.ur!,n»': 
P/^;^f2^'ft.  nftfr_   his.   )'u::.i>iii;-,  ;^  .V  : 


1.. CI  ':i    IC/ui  Jm: 

; ! :.  wfi  i  \:.:',  ilrillod  under  ny  jurisdicti 
..,]  tlii:,  I  I    15;  true  to  the  bcHt  of  iny 

WW  ^■^■d  •■• . 


LiccKJc  lie 


/; ) 


J I 


 . 


• 


RIZ^'^JV^D  STATE  OF  MOHI  AIIA 

HI--  Mp*rtaeot  of  Satural  Ktsowrces  «ad  Con*«rv«tlon  VWftl-. 


JUL  3  W 


HOI  U»  KCKK? 


Addreee 


Troy,  f^:^^^fl , 


USED  US£;  _g__r>onfe«tic  ^Stock      [^Huaicioal  Industrial 

 ^Inrlgatlwi  0th* r  {if  others  gpniTfy)  


JLovu  «a<t  Cardian 


'J- J  m 


Cablo   ^Bored 

Forward  Rotary        Revcr«e  Rotary 
Jetted  Other  (i/  <?t/i«i«,  jpeoify) 


LMimtmH: — r  — 

eter  of  hole 6  5/8  rachea.  DepthUx  ft. 

"8*  _J?__Sto«l  Plastic   ^Coocrete 

Threaded    x  Welded  Other  {if  othar 


Wei.?ht«Dla.!         Froa:  Tot 
gib/ft.  6  Hiochea  .0  feet  Hi  feec 

_lb/f  t.  finches  feet  feet 

_lb/fi.         Inches         feet  feet 

X  Yee   Ho 

 feet 

No 


perforated  pipe  uaed? 
th  of  pipa  perforated 
asing  left  open  end?" 


M  Yes   

well  screen  installed?   Yes  x  No 

 ^Dla.  inches 

'itairnleee  8te»l.  bponza^  eta.) 

oration  t>7e:  3/8''x2"    x_slos.3   wholes 

J?rl2l»et  from    30     fcer  to     37  feet 

 froa  feec  to   feet 

feer  tc 


 set  from  

a  packer  or  seal  used? 
o,  what  material 


 feet 

Yes     X  No 


type:   ^Straight  screen  Graverei 

the  wcil  grouted?   Yes     x  No 

hat   dtpth?   f^er 


lial  used  in  grouting  

head  completlou:  Pitless  adapter 

above  grade     X     Othcr_  " 

cthaTt  apeclfy)_  [ 

the  well  disinfected? 


X  Yes 


k  imv:  —  

ic  water  level  31  ft. below  land  surface 

lowing:  closed-ln  pressure^  psl 

i  low 


 ^through_ 

rolled  by:  Valve" 
Other,  epe  cri-fy  


_inch  pipe 
Reducers 


"ICST  DAIA:   X  t  uiap  Baliei" 


OtJier 


ing  levtl  teloM  land  surface 


after 


Jsrs.  pur,  ping 


8.  WELL 


Depth  (ft 


Froa 


0 


^o 


2? 


31 


Fomattcn 


22 


Jl 


>ra70l  and --ft^t^T.^ 


•  i4 


9.  DATE  STARTED:  '  


10.  DATt:  CtM&LtiED; 


U.  WAS  WELL  pLUCCitl)  Oft  htiki!)(jW 
If  so,  how 


_Ye8  __jjjN*^ 


'l2.  DRILLER'S  rLRTJfltAflfjN:  — — 

This  well  wab  drllltid  under  ny  Jurlsdictloo 
ani:  this  report  Js  true  to  the  best  of  «y 
knowledge. 


R.       P.  Drill-: 


Co. 


ss  or  t .}'"  iixim'. 


License  iio. 


P.  0.  Hex  9^7    li'ty,  rv.nt.i^a  ^992} 


ne  loji. 


l>au- 


3       Six*     ^ J  "^.f-mm*  ■  »^*-|  ■  .......IT.- 


i^M/: ;  .iT-^^^ft 


f««t  to. 


16-:  fiAiE  mimv: 


i  .  m  Mill  Rimi'ok 

If   83,  hew 


This  veu  vM  dtm»4  san^^^  i«y  ^'"**!!!;"^Tti;? 

md  this  report  is  true  «w>*  th*  S>4«t- <«J«»^»  .-^ 


P.  0.        967  Lil 


t 


I-  • ...    - .  J .    1 . 

"irri  .■  .:  i :  :.  Ct  i,. 


 Forv-irJ  K  r  r:';.'  'j-vv-^v  .'• 

Jetted         Oti.er  (.■  ■ 


WELL  CC'NbTRji,  i  io'i : 

Diaoutor  uf  hc.l«i>lD  _ln'Ju-<.  :Jt.:>i!i34  ft. 

riafitic  C<'ii.;ri.  tc 


I       Casing:  X  Steel 

I  Threaded     X  Wolded 


apcoifu)  

Pipe  Wc'li-!it:Di  a.  :b5/8  1 ''"-i:  0      'i":  34 

18    Ib/ft.  inclu-.'i  Icct  fcct. 

 lb/ft.  Inches  feet  d-et. 

 lb/ft .  inches  foot  f  eiL 

Was  perforated  pipe  u:ii-JV   Yt-.  ^ 

Length  of  pipe  perforatiui  

Was  casing  left  open  end? 

Was  a  veil  screen  Inst.jlled?   

Material  Dia. 


f  uct 


X,  Ye  s   No 


i  lU'llCS 


Perforation  type: 

Size  set  froti:  

Size  set  froir,  

Size  set  frt<rn 


 Klft.S    _  hoi(;f 

tot-t   to  f^-et 

_fi.et   tL.  i  out 

   fict   feet 

Was  a  packer  or  s<  j1  u;cd'.'   Vis  X 

If  so,  wliat  r.ntcrlal  

Well  type:   Sir.-,  ight  siircn 


Was  the  well  r;riir.ted? 

To  whiit  depth?  

Material  ust-d  in  i'l  cui  i:.,- 
Well  head  cor.p!i.-t,lu:j:  I' i  1 1 1 
12"  above  »;r.u'.e    ^  Oti.ct 

(If  ^t-i^r,  ';  .•■;■;■)  . 

Was  ihi'  Veil  d  i  s  :  :^ ;  1.!^  t  !.■  .1 .' 


!  ce*. 


t.  f  r 


— X- 


6.  WATt.'<  Ll'.  lL 

1       Static  wjtc 

r  love 

l.r.Ki  ur: 

If  flcvir.g: 

ClC;-..< 

i-ln  prv.:;suro 

r'  i 

CPM  flow 

thrs-a^h 

in.-!-.  ; 

ipe 

Controlled 

by: 

V.ilvu 

ers 

 ^Other, 

i-Vi  -•  •  ; 

..Icr 


Jt  i.er 


(If  cr  -i:v,  ^r.-.-;;:.)  ^  " 

PiMirine  l.'vel  belt--  l.>nd  surface: 

•■  t.  after12       hra.  pUi-;pir.g  1I1L__'?" 

ft .  after  ^hrs.  pur^plnp  p.vr 


•-  . ) 


Forr.itlon 


?9    j      Lili^y   lifid  /7r;<VBj 


>3 


nov;''r.irr~vrn.'* r .     »>iTe"r  care  in  when" 


9.  L'  AIL  Si.'^ilLi': 


_  .^iU;.;  7L5_ 


0.     ._  u  ■•:;-LL"  •-j:o(.pt.  3,  1975 


Yes 


1:  li.-w 


...    i.  ~.  i     L  L  ".  w  L  t\  I  i  ?  .  C     1  i  '.^  . »  I 

'iiil.s  w^-ll  w.is  driileJ  u;id -r  r.y  Jurif^diction 
.in!  t!.!;.  rvpc  rt   is  tiue  to  the  best  of  ny 


....  .■  ... 

^-^^^  -,^/ yr- 


i 


STATE  OF  MONTANA  ^ 
DepartMmt  9f  Katural  Betourdf  ami  Conservatlo« 


,/  ^t'^-'lJ?t?iJ^^^^  WELL  LOG  REPORT  

^^IM'^&^r^'M^  t'n'a  form  be  fCUd  Ify  ths  waUr  vail  4H11^  on  tsit^,  tik^mlm 
oSfai;iT%'^3|^'f»^^^  after  Jutu  1,  197i  i^thin  aiafci/  ^$0)  dcn>9  afur  wmlkHo^^f  ^^ 
^:'WmM^-^M  vr^ot  Address. Prt>y,  >ont5n«  f95^  ^Irmmm 


3.  PW&g5'fe 


Doaestlc     ^  Stock   .  .   ^ 

Irrigation  Other  {if  other,  epeatfy) 


Hunlcipal   ^Industrial  i^^fip^ y^i^' 


4.  iitiNM  ORIILK:   C^oU  ^Sored 

♦  JTorward  Rotary  verse  Rotary 
 Jetted        Other  jif  other,  specify) 


Diameter  of  hole  6  ID  Incheg.  Depth  t;5  ft. 

Casing  t  jfSteei  Plastic   ^^Coocrete 

 Threartsd  y    Welded  Othe.-  {if  other 

epaoify) 


Pipe  WelghtsDla.i        F;"oir:  To: 

HjS^n/it.JJJtnchenJ)  ^feetJi£_feet 

 lb/ft,   inches  feet  feet 

 Ib/itZ  ^Inchas  feet  feet 

Wee  perforated  pipe  usod? 

Length  o£  pipe  perforated  

Was  casing  left  open  end?  _l_Jcs  

Waa  a  well  acreen  Installed?   :Yes  _j(_No 

Material   Dla .  inches 

iotainleaa  ateol,  bronze,  etc.) 
Perforation  type:  „_'3io*^8 
Sire  set  from  feet  to_ 

feet  to 


Jes    X  No 
No 


holes 
_feet 

set  fron  ^feet  to  feet 

"set  from  feet  to  feet 

Was  a  packer  or  seal  used?   ^I'es    r.  No 

If  so,  what  naterial  


■h:  vat  156: 


From 


To 


21 


IT 


Size_ 
Size 


Well  type:   Straight  screen 

Was  the  well  grouted? 
To  what  depth?_ 


__G  rave  led 
Yes    y  No 

feet 


Material  used  in  grouting  

Well  head  completion:  riclcKs  adapter_ 

12"  above  grade  Other  

(J/  other,  epeoifi')_ 


Ploy ,  dravel '' ^"^^^ '^'■j-^yki'^rS^ 


4^ 


CJsa  seirn  itfi  ahcet  tY'ysTaecpar'u) 

r    r  i"  ADTC  ri .  _  _  . 


9.  DATE  STARTtO: 


cf.pt.>iber  28,  1973 


10.  DATE  COMPLETED:  ccptg~bc.r  2p,  I973' 


11.  WAS  WELL  PLUGGED  OR  ABANDOfiEO? 
If  f.i.',  how  ^  


Was  the  well  diBinfected' 


X  Yes 


No 


yAlL'ft  LEVEL; 

Static  water  level  2?  ft .he low  land  surface 


ire 


If   -Lowing:  closed-in  pres: 

CPM  f  10^  through  inch  pipe 

C.-nt rolled  by:  Valve   Reducers 


12.  DRILLER'S  (;ERTiMCAT10N:  ~~ 
This  well  was  drilled  under  lay  .^urisdlct 
and  this  report  is  true  to  the  beat  of  fl 
kiiuwiedge. 


I 


• 


owl 

FWe  N..  - 

DUPUOAtB 


R  E  C  E  I  V  P  D 


mi 


l.'AR  1 1>  1370 


LOO 

(■•V.  nkor*  na  ImL. 


^  mm 


I>rUkr.3imiML.fi...l«fe>. 
DaU  of  Notke  of  «pj>ropri»tk»  of  froandwfttw 
Date  well  »t*rteJte«*»l  ^ 


W«t«r  BM! 


DoMti«a  Municipal  □        Btai  tJ  IwC^ 

mat  with  to  drfUiag.  !f!2 
dmtk  at  whWi  wt»«  h  •owwaterod,  yOikM- «aa*-— ^  — 
«tnU  and  bright  to  wMeh  th«  watar  rtMi  fai  the  -w*     <         |  .p  ^ 


9«a 

0 

3* 

Coc.  tio  _  

Filet  to.'  u  ccrd 

lh«_._^-  ---.7  o.-^mtA^cJi^^ 
A.O.  IV. -JC..  .  .it-  g^'  


SUti«  Water  Larcl  for  bob 


Shut-ln  PrsMure  for  Flowfaic  WaB.  .i. 

Pumpins  Wot«r  Uerd  1f^.  

at  ll  ^raJ.  PW  ■ta*«f.i;ir?^'^, 

DUcharije  In  gal.  per  mln.  of  flowtif  .waB 


How  TeatedJN*. 
length  of  Teat — 


BcDiarks :  (Orarel  i»ekinc.  aeoMBtiBi^  pad^ 


Indicate  location  of  well  and    — 

place  of  n»e,  if  poeslble.  Each   _   


acrea. 

  (CoBtbna  ob  rr 

8bow  exact  depth  of  hottom.  „  

IWalorm  to  b.  p«p««d  by  drillw.  and  thrM  ccp.ej  to      .il*!  by  the  o«n«r  with  the 


08»-If  tiaed  for  irrigation.  Indnstrial,  drainage  or  '^•^'^^ 

ntimber  of  acrea  and  locatltMi  or  other  daU  {Le.:  Lot,  Block       Ad*,;  ||  ,- 

tlon).  "  •  ;i      '-■  .^'Jf 




DrilliT'H  Licciwo  Nunilwr^ 


•  1. 


•  1 ;  ^  .  .  1 1  • 


.f  a* 


4    Am  '.0' 


* 

1 

i 

i 

( 

1 

1 

t 

1 
f 

.  3W      .  SI  , 
J2  II   

,  IIW           Section  _ 

R  3li  w  - 

27  

t  ...  vv 

■  I  o'A"  sDi'Cih    .   


Ointr 


  9"^ 

 Ipm 


,',AS  VtELt  PLUGGEP  OR  A6 Af.OONE D"* ,      ^tj  _?  No 
II  ,f-.  ho*.'      '  


10     DATE  STARTED  .«fi',J>..A9l8_ 
UAIL  COMPLETED    May  IB.  1978 


IV  01  3  I 

on.  Lot.^  ^-  r     z?^"'/  - 

Sobil«.s.on  _.K-UottJ-JC».l  .VJ^.I'-V  

Cify  ^I?*!    CoiiiHv  LlncolB. 

Elfvilion    Accui*CY 


•10 


t1  AELl  LOG 
Fiof"  To 


f  ormition 


^0 


•100 


5    DRILLING  METHOD 

»uti«»'(i  toury, 


ifvsfw  tutjiy 


botfd, 
lettrd. 


5    WELL  CONSTRUCTION  ANO  COVPLFTION 


|S*««  o»   j  Stiff 


%  f  OH' 


0  ! 

6 

Sanc^  Cla/, 

6 ; 

7 

Qravel. 

7 

26 

SeDCtjr  Cl*y» 

26  '. 

32 

[  Sandj/ 

n  ■ 

170 

iCliy.  .  . 

170 

171 

I  Sand, 

171 

183 

;  city. 

1S3 

191 

Grarcl* 

191 

195 

VjS      200  . C«»r8«  S8DC  with  Wtt«r. 


|6»I.D.6  5/P"0.D.  0  200 

17.00  lbs. 
fV  ft. 


No 


No 


Am  c«m9  op»n  tnd' 
VVn  «  pKkri  0'  ueal  uird'' 

H  »0,  Hit*!!**   ,  .      -   - 

Ail  Ttw  y»»ii  «»*vei  pjciifd''    -X. 

Wn  n«« -frtl  jfiMiWd'    — 

To wt.it ■«.r'*''iaff''"<  drlll-r-TTlhga — 

MtttntI  \tyti  m  jiOMtin?  .  

AWI  he»o  comp«»tion   Pid«vs  ^dipT*'   

12  in  •bwfiTtdtx  •^*'  

til  o9<»i.  «p««'ty)  —  — 

Pb'nt  Kantf  o«ct  cj-^o  tvp#  


t»t«tf<  d>«vet  ta  '  


t 


12  DRILLERS  CERTIFICATION  '"^'AHM.', 
Tn.j  <*e(t  «*«  diJt««J  undf r  m>  turndictio*!  rtfort; 
»  tme  10  m«  b«i  o1  my  kriow^f  o»e  Jom  ^j  1976 


P.  Drill tag  3*. 


111. 


4,-. 


3. 


.If 


•t:  I  -r. 


Uiaro'er  cf  i,  lo  ^_  . 

C.-i.ln{;:  1  _J'I..  :i 

 1  hrt-.-iJ..  J    _A  '.."<•..       _  .! 

'7.  ■•:;:•)  ~Z  'Z.  . 

 ljL.lb/ftt;^/£^(p.;'..   £i   :.. 

 lb/ft.  •.J.,..:' 

 lb/ft.  Ir.c:-..  •]  j\  .. 

Was  pc r f orat »mj  pipo  o 
Lenk^th  of  plp>.-    o r i (  r.;t c 
Was  I  nr.  I  UK  Iv'.l  open  i  nd  .' 
Was  a  well  si  icon  ir..-.talU  d; 
Material  1;  i 

Perforation  ty,  e:  • 

Size  si?t  froc  

Size  bet  frurr.  

Size  set  f  ror. 


7  V  »  :  .  ft 


In.'. 


:  ei  c 


 lot;. 

:  i  v  t  t 

j\'<.:t  t._ 


1 1 '  I  c 


Was  a  p.icker  i.r    -I'ui  u.si 

If  so  ,  what  r.iii  :  i  ,i  1  

Well  type:  1  r  .T  i  j; ,  .L  :  • 

Was  tlK  ui  l  I  ,  : .  .:t  ' 

Ti'  ^.hjt  Jcpt:;.  

V..it<rial  use  J  :  r.  ,;!.::!:.• 

11  heaJ  c>:-  ■•;>:l,  ;^ :  : 
12"  ..'-.^ve 
(.;•  .-:  •' 


V 


-  I  -■  II 

f    ■  »  -  -  - 


1575  


.  ) 


f  , 

i  .  • 

'I 

 ;ei  A_ 

'.'.0 

St.itic  u-.iter  li  1^7  • 
If  iKwi:.,::         , J-::r  v  : 

CKM  flow  tin.  _ 

Con:  r-rllcd  by  :   _J  V.  . 

 Other,         •  . 


ur.  J.  1-  .  y  Ji.ri  sdiccirn 
-e  i.>  the  I  tit  of  n.v 


. .  ... t.' 


(•".-' 


-A.;  J-  ^  S-^".?, 


4' ' 


■y  ucM  LOG  REPORT  ^/*'^ 


•  '  — frrrTTTTor. — — ^^ifT'^r^ — f-^y 

 •      •  H-  -'   '    •  J- 


    ,  OOl  --*' >,lzj-  —  /«■r^ 

U.  ■  T,^  cdblf.  . —   .-,..1 

r    *«-THOO  DRILLED  .   reverse  •  '      r;:;^  j£.--y, 

\*'  "^^tor.^^  ""^;th^f--^^'-  1  —  or-  ^1 

jetted,    — 


casing* — ,  ^^idcd,   

thre*a«<*»  . — -  —  — 


17.00  ib/«t  €1X5?^— — ft. 

 -         irftopcn  end?  — 2 — 

was  perforated  piP«  ^^^^^^  

— -ret  f r^^inr::^-  ----  - 

Well  types   """l     '  V,,:.   

Ijf,',^,;  well —  f 

Material  used  xa  .v-r.f  r_.,.. 

well  head  ^^^'^i-^^/^^;;    .  ot:.or_ 

(it  othot.  si^-J-^V^^  

Wa»J«U_d>^  

Static  water  l^v  -. 
If  flowing:  clo^>.d  i«  - 

gpo  tlo« — .  val 

WELL  TEST  TATA  Co^reSSOl  

200    ft.  af -cr_i 


Sand. 


,  ;  r...x,rt        truo  to  the  :>«st 


rii«  Wo  ■  \ T^J^apiUp 


WELL  ^06  =^EPORT 


Wh  i  te- Dispartrwnt 
f  ir,«.-5  jreaj 
yellorf«<f«ll  own* 


U33, 


1.  WSIX  OWKES 

John  B.  PlUto 


SylTinlta  .'-anger  Station.  7>t>y,  Ht.SWi 


2.  WEU.  :.:CATION  Lc 


Counf/_ 


Lioeola 


HE 


27  . 


3?    -/T~^  3it 


,3.  PKOFCSr-D  USE  X_ 

industrial ; 


4.  METHOD  L'RIU-ED  

X    forward  rotary 
 ^jetted,  ____ 


o  t  r.o  r  t 


i  ormat  lor. 


5.  WELL  CONSTRICTION 

Diameter  of  holo  6*I«D»  in.:    Iv.  th     ^0    :• . 

Casinqt     «  steel,  ;5lastic,  cc.-.rr.  , 

other  i'-^r-.''"! 


threaded,     »  welded. 


Pipe  weight  1 


Dia. 


rron 


19.00  lb/ f  1 6ji/dQjXk-  IK 

lb/ft  in.   


Ft. 

'ft. 


V 


Was  casing  left  oien  end?   

Was  a  well  screen  irr^tallrd? 

Material   «  li^-  

(stainles-s  steel,  bronzo,  etc.) 
Was  perforated  pipe  used?  __X_Vo=i  _ 

Perfor.ttlo-.  type3/&t2^  slott  

Size32«l£tfct  fron    17        ft.  to  j£_ 

Size  set  fron  ft.  to  

Was  a  pactier  or  seal  usjd.   _ 

If  so,  what  material  

Well  type:   Stramhr    ;cr<-.  .-.  .r 

Was  the  well  ^'routoi;   Y 

To  what  depth:   


1 1 , 
_f  t. 


.ler. 
it. 


•1<  I 


01 


'161 


I  I  TPf  soil.    

.  16.;  ci  fi,..  5r««V^iBgl  ^oald«xa4 


^kJ^  QrjYjl,  .iiQd»_f  a4_vtt«i. . 


J  r  

T  ir  ict     ViOC.t  if  r.wcc  s.'iary ) 


■\H  .  . 


.^laterial  uaed  m  ^rojtm;)  _ 
Well  head  jonr  U-t  ion  ;  T  iti- 
12  in.  acovo  aradv     X  ,  ni; 

(if  ether,  stx>-iry)  

Was  well  disinfi^-t'  !?  ' 


6.  WATER  LE'.TL 

Static  water  Icvt  ll2    ;    .  ivln-.-  1 

If  flowing:   clo?v:'-;i.  pr-  -   

g  om  f  1  o w  t  r  c  u  q  r.  


•urisdict  i< 


Controlled  by: 


ValVi: 


othor  (spocify) 


7,  ;^TLL  Tr=T  TAT--.   

(if  ether,  sperif. 
Fuxci.-.c:  livel  cel. 

2 


air  coBUiressor 


.152. 


Jiiter 


~:-.rs.  tir.- 


10 


:r.l.:;         -•'  :;r:-  :.a.T.--  l.i^ijr.;;e  .".o. 

I- 


I 

I  'ilr  ^«..  . 

DUTUOATl 


LOO 

Top  Oraaad 
(Stor.  abort  m  1«t«L7 


MONTANA  WATER  RCSOURCCS  BOARD 

RECEIVED  County;. 

JUL  1    i9b9   AzxKDnsxKATOft  or  oioDiOTrAXR  ooob 

 OmCT  or  RATI  tMOBDI 


•^fe^ferof  CompMon  of  OrMmdwattr 


,  ,      Apfiroprlatlon  by  Mmm  of  Wtfl 

'  .  //    /.4  ,  /  /  .  (Undfr  ChapUr  237.  MonUna  8«Mion  Uwt,  1961) 

•  -?/  '  /  "   i;  //.'  Owner_„..^./..>.:  ...y^  „  Addr«....*l.^^.,^%-^^^  > 

29'- 3S' 


DriUer. 
Dttc  o 


,4  ,  -  -   ,  — — yy-»y-~  "  '  ''"'^t-ril.*  • 

\t  Notice  of  appropriation  of  rroumlwatrr.   ^jji^'ti 

Date  weU  sUrted. .-u^  .  I  ^.a.^  4.  7...I)ate  «>mplet«>dil«j!!u  iSJ^lil.  ^ 

Tto«  of  well — XJu^..J-.  Equipment  na^H         Fi'JiHt  "  i 

<Dof,  DrtTwi.  borwJ  or  drilW)  (Cham  drill.  roUrr  «  •ttalr)^~"7nr.  ' 


Water      ;       IX>mc«tie  B   MunieiiMl  Q 
Industrial  Q     Dnioace  Q 


Stock  □  IrrintknD 
Oth«a 


Isdieate  on  the  diafrram  the  clianet^r  and  tUekow of  tlM  diffcrart  JLi^-v< 
met  with  In  drillin*.  auch  an  goO.  day.  ahale,  fweL  nwk  or  aaed.  ittT 
depth  at  which  water  i«  encoiintered,  thickaew  and  duoaeter  ^«aUr4MS«  ' 
strata  and  height  to  which  the  water  risM  in  tha  wdL  ; 


n 

^  I  /■/  ./y 

Static  Water  l^vel  for  non-fiovint  well 

 2ji  fett 

Rhut-in  PresHurc  for  Flowing  Well  

I'nrapiiig  Water  UreL  — JijL_.._iert 

a      «t  /a-  gal  per  mlanta. 

Diacharge  in  fc^l.  per  rain,  of  Rowiiv  wtU 

How  T<>slcd  ^14  fjiyi^  

l^-ngih  of  Twrt.  ^.^■e.JUa%Li.  , 

/3  /u<M  {  :  (travel  packing.  ecmenUag,  pae^ 

 '4-...  ^Al.  tJA.  R-j^V       '^"^  °*   ~~ 

Indicate  tocatioa  of  weil  and   -     „..  

placo  of  ujie,  if  possible.  Kach  — 

small    square    rcprcsentu    40   —  

acros. 


USB— If 

nutnbi 
tion) 


 -  <  Continue  on  rnvem  aide) 

iwp.l  for  irrigation,  in.lustrial,  drainage  or  other.  Explain,  atate 
nb.  r  ..f  Mcrcs  uii.l  l(..nfi,)n  or  (ithcr  data  (i  e.:  Lot.  Block  aari  AiMi. 


Ikow  axaet  dapth  of  bottoai 


- 


STATE  OF  MONTANA 
ADMINISTRATOR  OF  GROUNDWATER  CODE 
MONTANA  WATER  RESOURCES  ROARD 

NOTICE  OF  COMPLETION  OF  GROUNDWATER 
APPROPRIATION  BY  MEANS  OF  WEU 

D*v*l*f*d  aftor  Janvary  1,  I9«3 

(UiidM  ChapHf  337  Mantana  Sanlon  Laws,  1961,  a*  anMndad) 

Thi»  form  »o  be  preparad  by  driller,  and  three  copiej  to  be  filed 
by  tha  •wnar  wim  the  County  Clerk  and  (tetorder  in  the  county  in 
which  tha  wall  I*  located,  last  copy  tc  be  retained  by  driller. 

Pleat*  aniwer  all  quettiont.  If  not  applicable,  to  itate,  oiherwite  the 
forn>  may  ba  ntorrmi. 


County  .ulat.->ili 

ORILUrS  lOO 

li.dcato  the  character,  color,  thick- 
ness of  itrata  tuch  as  toll,  clay,  tand, 
gravel,  ihale.  sandstorm,  etc  Show 
depth  at  which  water  it  found  and 
height  to  which  water  rites  in  well. 


Address  .  .itV*  'iMiUlM 


Date  well  ttarlwi  f^...^»>  .W?.. 

comptetad  ^  ^  MP 
Type  of  well ...  .M^^  


For  Adininis'ralor's  Use 

File  . 

GW  1 

U>u«.  tlirtm.  burid  oc  drilM) 

Eq«lpm«»l  u««d  

IClMni  Ml.  lOMry  w  ollut) 

Wafer  Use;  Oemesfic  fl     Municipal  □     Stock  □      Irrigation  Q 
Induitfial  □     Drainage  □     Other  □*      Garden  lawn  Q 

'DcKribe   ) 

USI:  If  used  for  IrrlQation,  industrial,  drainage  or  other.  Explain, 
state  number  of  acres  and  location  or  other  data  (i.e.  lot,  Bioik 

and  Addition)  

ESTIAAATED  ANNUAL  WITHDRAWAL  .  ?S*OOP  hUI^  «.  . 

P>«FOit«TK»S 


6*2al5e 


17*00 


jiatic  water  levei  '   I'.* 

Pompina  water  level  .~*>  ft.' 

at  .  .   gallons  per  minute,  _ 

measured  JB"  mmules  after  pmmping 
began. 

•AAeasured  fiom  ground  level. 

Well  develooed  by  t\tm  

for  ...il  hours. 

Power  .  ^If^^    Pump  t   HP 

Remarks:  (Gravel  packing,  cemen 
packers,  type  of  shuloff)   


?}k%  J<^  '74  Sec,^7 
T..    N  K...Jif.   E 

s  w 

INDICATE  LOCATION  OF  WELL  AND  PlACE  OF  USE,  IF  POSSIBLE 
EACH  SMALL  SQUARE  REPRESENTS  40  ^Cfli. 


Or.ller't  Signature  - 


,  iVSo 

i                                                                 ■  " 

JL_ 

Si^jmLJiaaaLMUb  

12?.- 

.iII«LM(Lj»a&U  

l!l»»S»_^S£i*jdlk  

1 

' 

1 
j 

— - 

1—— 

— 



- — - 

 — 

— 

] 

1  , 

1 

1 

— — 

I — 1 

 -J 

— 



— I 



—J 

-i  

 r 

— \  

1 

— 1  — .  

-  1 

i 

 1 

! 

1 

owl 

File  N>i. 

DUPUOATB 


B..'     ■    ■  ■  — 

C-   

C"        -  . 

(BtT.  ator*  •»  towLBii-l:;;.:.". "  ) 


STAtr  WTER  CONSERVATION  BOARd  t 

JIJI    B  1968  Coontv 

w  :»  -cit   HAT*  Of  mWKTAMX 

r,.     .  .AMtZinintATOft  OF  OKGUItDWATKB  OOXHi 

..».>.  omcB  OF  fiATi  wnaxm 


O'-i^* J(h4u  cJoa^ 
amd  (Jibuti' 


-Notf8>-of  Completion  of  Groundwiter 
ApproprtHon  by  M—ni  of  Wtl 

(Under  Cliapter  237,  MonUna  Sewion  L»w».  19€1) 

Owner.  . 

Dale  of  Notice  of  Aj»proprUtk>n  of  OroundwaUr 


1/air  w»  i^vi»v«  \'v  vj-^- ~-— —    

Date  wfU  «t.rteAja^/i5^>if<^  I>at*  iZi>vciv'^fAj^  )^'>nAej4.J?^^ 


Type  of  well.... 

(doc,  drirea,  bored  or 
drUM) 


Eqnipmrnt  Ueed  ... 
(Chum,  drill,  rotary  or 
other) 


Water  Uw:  Dome*! 

lodoatrikl 


ic  BD 


Municipal  □ 
Drainage  □ 


Other  □ 
Stock  □ 


Irrig*ti«a  Q 


»      t    0  ^  y         /fa  Indicate  on  the  diagram  the  character  and  thicknew  of  the  diff«t<«Bl 

•  tO   MiAMZ  CUyt  atrata  met  with  b  drUling,  inch  aa  aoU,  cUy,  ahale,  rraTel,  rock  or  aaad, 
IiMAAi^  ^^"^  **  **  i^neomatered,  thickneM  and  chartctcr  of  water- 


bearing strata  and  height  to  which  water  ri«e«  in  the  well 


Tm 

0' 

to' 

Static  VTater  I.cvpI  for  noii  flowinjf  Well 

Shiit-in  Pressure  for  Flowing  Well  

I'uinpiuji;  Wairr  LfVfl        M  T  fe--t  al 

Dincharge  in  pal.  per  min.  of  flowiojf  well 
111 


..iecU 


...g&l.  per  minute. 


)iiicharge  in  pal.  per  min.  of  flowiBjt  well   , 

low  Tested  .  -^J**T>y*^   Ivcnfrth  of  Teat  

KemarkK:  'tirarel  packing,  cemenling,  packera,  jypc  of  ahBtaff,  k««> 
tion  of  place  of  uae  of  groundwater  if  not  at  well,  aad  any 
other  iiraiUr  pertinent  information,  incinding  BOKbcT  of 

acn-8  irrigated,  if  oaed  for  irrigation)  —   - 


Aii^i^  8*«..i.,...  iSn..  R.-.if.    ■   :  

lodieate   location   of  well  and 

place  of  uae,  if  po«aible.   BUch  .  .   

Mnall  square  represents  10  acres. 

now  axMt  dapth  of  bottom.  I.SjSL^   

Driller's  License  Number 

Zj  ^  ly  J^  .^^*-^^  

Driller's  Signature 

ThiH  form  to  be  prepared  by  dr.ller,  and  three  copie.  to  be  f:!^d  by  the  owner  with  the  County  Clerk  and  Ilecorder 
ill  the  cottHtv  in  which  the  well  i«  Uxaied 


File  N..   

DUPUOATB 

LOG 

Top  of  OroBsd 
(Ikr.  abort  Ma  tof«L- 


8TATX  or  MOMTAIIA^ 

AounramLATOK  or  qbouvdwaibk  oodi 

ITATK  WA7XB  OOnSBVASlOH  BOASO 


Jt...^^/  


Notka  of  Compbtton  of  Oroundwahir 
ApprofNriaHon  by  M^ant  ol  WcK 


(Under  Chapter  237  MonUna  S«Mion  Laws.  J9€l,  at  araeadtd) 
DriUcr..VimM.D...XiaBli.  ^ddrt«.jiiW9ry. 


0*  -  1*  ftpaoUa 

.1.  _      .Date  of  Notice  cf  appi?opriatlon  of  rronndwater. 

U* -A*  (XUy*  (lnn«l« 

mA  Bo«l4wr«»         Date  well  »Urt<Hi-CB»U.-lfl»..3i69  Pate  eomp1«.tiui9^[ailnii  \^ 


Typ«  of  well  Ifcdllrt  Equipment  n»«L 

(Oac,  Mtoi.  bet«d  wr  drUM)  (Cawn 


R  t  C  E  I  ^ 


Water  twe:  Domestic  Q   Municipal  □ 

lodTutrial  □     Drainage  □ 


rotnr  «r  •tiMr} 

Stock  □  Irrijfttionn 
Other  □ 


110'. 


Indicate  on  the  diagram  the  eharaetar  and  thiekne«s  of  the  diffennt  tttatu 
met  with  in  drillini;,  «uch  aa  aoU,  clay,  ahale,  grarcl.  rock  cr  aaod,  «te.  Shaw 
dopth  at  which  water  ia  encountered,  thiricness  and  character  of  irat<r4>MriG« 
ttrata  and  height  to  which  the  water  ri»e»  in  the  well. 


nrOM 


WH|M 


6"  I.  %ft  5/6»O.I3l  0 


17.00  ibfl 
p«r  f»9t 


38 


mrautaoNi 


r 


Static  Water  Level  for  non-Gowing  wcl] 

 .J8  f«t. 

Shut-Ln  i^rcMUPe  for  Hewing  Well  

I'uniping  Water  Level  feet 

at..„.J0   —  gal.  per  minate. 

Duwharifc  in  gal.  per  miix.  of  flowing  well 


Indicate  location  of  well  tnd   

place  of  use,  if  possible.  Each 

■mall    aquarc    represents    40  ' 


How  Tertcd....B*il«f  

I>cngth  of  Teat   S-.&a^iem  -  ™ 

Remarka:  (Gravel  paekiog,  eeaentiog,  pack' 


 (Continue  on  revetae  ilde) 

t^BB — If  used  tor  irrigation,  iudostrial,  drainage  or  other.  Explain,  vtata 
number  of  acres  and  location  or  other  data  (i.e.;  Lot,  Block  and  Addi- 
tion). 


Show  exrct  depth  of  bottom. 


ThU  ft>rtii  !o  be  pr  .  ••.<s3  by  ilr.llrr,  ami  thrra  roy..*^  In  \x  filnl  by  V\t  rwnvr  with  t'n 


 xw  


NOTICi  Of  COMPICTION  OF  GROUNDWATER 
APfROftlATlON  BY  MEANS  OF  WOi 

aim  Jwwiry  I,  1M1 


gravel,  th«ie,  Mfidiio^,  tc  ^now 
depth  ..'  which  water  i*  found  and 
Mfint  to  which  wator  riMt  in 


(U«Hlar 


2)7  mwitawi 


Law*.  IfAl,  a*  amendarf) 


TNf  form  to  ba  praparad  by  drillar,  and  three  copies  to  be  filed 
by  the  iinir  with  the  County  Clerk  and  Recorder  in  the  county  m 
which  the  well  la  iocatad,  la*t  copy  to  be  retained  by  driller, 
^laate  an»w«f  •!!  <|««»<ion«.  H  not  appllc»ble.  »o  itafe,  otherwise  the 
♦ofin  may  b»  relumed.  


Owner, 


AddreM 


Oale  well  •(•rtad  %S^t...^/..:-'7/... 


For  Adminittratcr't  U»e 


ila  '  ..K."^.-.:.  

:..  .^..?i>'C»?. 


GW  > 


(Ot.  4i1«'>.  bor«4  at  ariMD 


(CWra  arm.  rsUIT  M  OIlMl) 

Municipal  □     Stock  □      Irrigation  □ 


Type  of  well ... 
Equipment  uted  ... 
Water  Um:  Domestic  <^ 

Industrial  □     Drainage  □    Other  □*     Garden/Lawn  □ 

•Describe   -  

Utti  If  uaed  for  Irrigation,  Induslrial,  drainage  or  other.  Explain, 
state  number  of  acres  and  locsiion  or  other  data  (i.e.  Lot,  Block 

ami  Addition)    

ESTIAAATEO  ANNUAl  WITHORAWAl   


aM  tr 

•Nt  m* 

T* 

4' 

o 

33 

mVOKATIONS 


Static  water  level   

Pumping  water  level   

at  .  ..  yO  gallons  per  r 

measured  ....  minutes  after  pi 
began. 

•Measured  from  ground  level. 

Well  developed  by   

for   hours 

Power....   Pump  

Remarks:  (Gravel  packing,  cem 
packari,  type  of  shutoff)   


T.  .  vV?.        N   -* 

^  W   

INDICATE  LOCATION  Of  WELL  AND  PLACE  OF  USE,  IF  POSSIBLE. 
EACH  SMALL  SQUARE  REPRESENTS  40  ACRES. 

Driller's  Signature j|^.^!^L^ ^  ^J^y^.j^^t'CcAj'  1^ 

L^ltL^-Q^^     LICENSE  NO.. 


Drill«r'3  Address 


Tnf,  of  fjiTOund                   <ti_           ^  >«ul>  ...     .. . 

Ta 

V 

(1 

Jin. 

3  ;>-- 

r 

1 

i 

1 

1 

•  \ 

"  \  ' 



' 

.1 

1 

"  \ 

i 

i 

1 

i' 

\ 

'. 

.1  



S.: 

I 



r 

ip; 



1 

r 

4-  ^ — — — -  .  - 

J  

i 

•!  

t  

1  

1 

^2  Show  exact  depth  of  bottom 


^    (lJod«r  Chapter  Z-tl,  MontHna  8««uod  Laws.  1961) 


iiO'-  J ^ * ^  <C      C«^A^  Dnii-  o/  Notice  of  Aiipropriatmn  of  OrxxindwattT    _  

*fO'QUu  ,  <f^^^»  Ty,.o  of  well  Sl\jilLdL   Equipment  Uaed..  cJiuAnJ ...... 

t£/  *^k/)' jJit^mt^  (THttf4^  »trata  met  with  in  drilling,  iuch  a*  »oil,  day,  shale,  ra?el,  roek  or  aand,  et*. 

_  •n^/  y  Show  (ieptU  at  which  water  in  ciicountenil,  thickaew  and  character  of  crater- 

U/iJt^  .^CViS^ti^  '"'ariiig  strat*  and  height  to  which  wat<-r  riaea  in  the  welL 


Top  of  Orosad 
(BfT.  aboT*  aoa  lonj  . 


STATK  or  MOlfTAXA 
ADMROBTKATOS  or  OROUHDWATn  OODX 
OmCK  or  8TATX  KXOIHKKE 


Notke  of  Completion  of  Groundwater 
Approprittton  by  M— ns  of  WoU 


(dug,  driven,  bQred  or 


(Chorn,  Jrill,  rotary  or 
other) 


Wnf or  r»e :  Dtiniexi 
Iiidtuilria 


ic  M  inieipul  □       Other  □         Irrigation  □ 

ttl  □        Di  aiiiat-e  □       Stock  Q 

Indicate  on  the  diaprnm  the  character  nod  thickness  of  the  different 


W<4^«f 


(rMti 


\ts.97iju: 

fix  A,  l^A 


ITkI.  per  icinati!. 


Static  Water  I. ••vet  fur  tion  flowinji-  Well.. 
Shiit-in  I'ressuri;  for  Flowing  Well.. 

I'lUiipiujr  Wal'-r  I.^vc!       3.7   feet 

hiscliBrgp  in  (»al.  per  min.  of  flowing  well  _   

Ihnv  Trslcil  .  .pJ^Lrt^.f^.        Longih  of  Te»t   /...A,   

HemarkH:  (d'rBVel  packing,  cementing,  packer*,  type  of  Ghatoff,  iook- 
tiou  of  place  of  use  of  groundwater  if  not  at  well,  aci  any 
other  Rtmilar  pertinent  information,  inclndicg  nonber  uf 


->'-^^  » 

   S*«.J.3..  T.JV..*  R  .^.?!.<?- 

Indicate  location  of  well  and 
place  of  n»e,  if  pouible.  Each 
small  square  represents  10  acres. 

Show  euict  dapth  of  bottom. 


aerr«  irri|fatc<l,  if  uiw-d  for  irrigation). 


Driller's  License  Number 

^^^-^        ^/a^ ... 

UrilltT  t  Signature 

Thi.i  form  to  be  prepared  l)y  driller,  and  three  copies  to  be  filed  by  the  owner  with  the  County  Clerk  and  Ileeorder 
in  tile  county  in  which  the  well  is  lixatid 

i  least  answer  all  queslioii.s    U  not  a!'[i|n  al>li'.  k.  state,  olIiTw^se  the  form  will  be  returned. 

Oiiirm.il  to  the  County  Cl  'rk  and  Hcco.iUt  :  duplicate  to  lii'.-  State  Ei!:;iii(  <-r  ;  Trtiilicnti-  Ii.  tin-  .Moutuna  Bureau  of 
Mni>  >  and  Oeology  ami  Qiiadrupiicai-  for  tin-  .'ippropriBtor.  ,    _^  j 


STAra  or  MONTANA 
AOMINISTtATOI  Of  OROUNOWATOI  CODf 
MONTANA  WATfR  KKOUtCtS  ■PAW) 

NOTICE  OF  COMPiniON  OF  GROUNDWATER 
APFROfRlATlON  BY  MEANS  OF  WEU 

(Un^  Ony<f  aar  M»nt—  swrfow  uw«.  mi,  •«  #iw««d»«n 

Thl»  form  to  b«  prepared  by  driller,  •nd  three  copies  fo  be  filed 
by  Ihe  ewiMr  wim  the  County  Clerk  and  Recorder  in  th«  county  in 


which  th*  well  i*  locefed,  U»f  copy  to  be  retained  by  driller. 
PImm  antwer  all  quettiont.  If  not  applicable,  to  state,  otherwise  the 
form  may  b*  returned. 


Owner  -4t»>d»  M— y 
Address  .  f|r«fy  4(Mlt«n*  -• 


Date  well  started  jMMftiy  22^- 1?71 


For  Administtaiof  s  Use 

File 

C 

U^u.  :j,  i-'n/ 

GW  1 

lO«i.  4n>».  bwMl  or  tfftIM) 

(ClHini  ihlU.  nMuy  m  oihci) 

Municipal  □     Slock  □      Irrigation  □ 


Type  of  well  C»1U»4 

Equipment  us«d   Ctara 

Water  Use:  Domestic  g 

Industrial  □     Drainege  □     Other  □*      Garden /(.awn  □ 

'Describe  

USf:  If  used  for  irrigation,  industrial,  drainage  or  other  Explain, 
state  number  of  acres  and  location  or  other  data  (i  e  Lot,  Block 

tr>C  Addition)  

ESTIMATED  ANNUAL  WITHDRAWAL  -  iOO^  0(»  li^*:  _ 


6"  X.D.|S  ^* 

0.  D. 
1T.O0 

foot 


Xii6 


rEsroiLAitos* 


Nec^ 


County 

Dtiunrs  LOO 

indicate  the  character,  color,  thick* 
ness  of  strata  such  as  soli,  clay,  sand, 
gravel,  shale,  sandstone,  etc  Show 
depth  at  which  water  Is  found  a'^d 
height  to  which  water  rises  in  well. 


Top  of  Ground 


teirr.  (box  M  ItTCit 


lie: 


I2_ 


— I— 


Static  water  level  22  

Purrping  water  level     ^IjQ   f*  *. 

at     ^IQ         .  .  gallons  per  minute,  _ 
measured  U  Bnv^v  aiier  pumping 
began 

•Measured  from  ground  level. 
Well  developed  by  JHm^  

(or    hour  4 

Power  Pump....^   HP 


.4-- 
— i— 


# 


NOTICE  Of  COMPIETION  O?  dKHWOWATit 
APf  ROP8IAT10N  BY  MEANS  Of  WBl 

(UMhr  rhtytir  237  Mwittci*  tiiiliiii  Uw«,  mi,  m  tm»m*ut 

Thl»  «0«m  to  b«  r.fet.»"  d  by  dr.lter.  »o<J  lKr»«  <op»«  lo  b«  «il»d 
by  »h«  •wn«r  wim  il»e  County  Cl«>k  and  »«cofd»f  In  th»  ei>unty  in 


grevcl,  thate.  »«ndtton«,  vie.  Show 
dapth  •!  which  water  i»  found  and 

Top  G»o«f>d 


ftki*v4  at*  )^>f>   


_    1  t. 


which  tha  wall  i»  locafad,        copy  to  be  ra»ain«l  by  drlllar. 
Pla«»a  an«waf  all  qweitioA».  If  nor  applif»bla,  %c  t»»ta,  •(twrwtta  iha 
form  may  ba  ratwmad 


OwnaiKi&L«U4»  ii— llf»lX- 
Addm*  UKir« 


Dato  wall  ttarted;««4jt».  2^  1^|0 
comptafad  J«  J.97C* 

Typa  of  wall  .a;jJll«d   

Equipmant  u*cd   ^buni  —•■ • 


fo-  Adrnint»tnh?r'i  U»a 


Ci'H  1   


mil***  ■  Ji  «w*a<.i 


<Dit(. 


(cw*  ai«i,  M««T  ••  < 

Water  U»a:  Ooma»fK  Q     Municipal  □     Stock  □     lrri9atK)o  □ 
Indottrlal  □     Dtalnaaa  □     OtKar  □*      Garden/Uwn  □ 

•Oaaerib*   

\nt  If  u»ad  for  Irrigation,  induitrial,  drainage  or  ofhaf.  tsplain. 
itate  nuinber  ol  acre*  and  location  or  other  data  (i  a.  lo»,  Block 

and  Addition)  

KTIMATED  ANNUAL  WITHDRAWAL  _^ .   SOjW  <tola:^^^_. 


Mm  m*    \  rni> 


6»  X.D,p  VJ' 
0,Ua 

17.00 
lbs. 
par  ft* 


la 

irMt 


60 


ruwtMunoftt 


-I-- 


Static  water  lavel   

Pumping  water  (aval  -  Ij^ 


•fi.'L 


•t 


  gailont  par  mmwla 


maaiurad  4^  mlnuta»  aftaf  pwmpingi  _ 
began.  U- 
•Maaiurad  from  gro<»nd  level.  I_ 

Well  developed  by  -Ihm^-  ^ 

♦or    3  ho«f».  L 

Power ^j^,        Pomp.  .|.   HP_ 

Rem#rk»;  (G»ay»l  pack»r>g.  cia<T»anttoQ.;_ 
packen,  type  of  »hutoff)  _ 


-1-- 


"I" 


-4- 


S£  y»A/M^U  Sac. 
I..  J/.      N  R.  ifi^.... 


W 


INDICATE  LOCATION  OF  WELL  AND  PLACE  OF  USE,  IF  POSSIBLE. 
EACH  S*AALl  SQUARE  REPRESENTS  40  ACRES. 

/  AA.^   


-4- 


Driller'*  Signature  . 
Drillcr'i  Addraii 


t,0.  1*4  96T, 


^yow  exact  da  >!h  of  IriMSfn 


• 


f 


Mle  N"'  

DUPUOATl 

Loa 

Top  of  GravsA 


RECEIVED 


FEB  2  li  1970 


 B....^V'_.   

Cmiity£^.^.f:r^.  — 


—      luiK..  f^o-   / 


gTATE  07  lUniTAirA 

ADKnnsTKATOK  0?  wtmomtsa.  oont 


0«  •  II  iBpaoU* 
•a«  Oaf* 


fiand,  I 


N6ftc«^  Coni|^«tlon  of  GioundwalM- 
Appropriation  by  Mmrs  of  Wo8 

(Under  Ch«pter  237  llonUn*  Se«rion  Uw«.  1961,  u  •meaied) 

Ownor.....^^'^.  -^^   ^ddr««.-..  .T«f>i..*!5!!»*?e*  

Driller.  ..Hini*«  lV.l«lP».  _^ddr*«iat»».  HaOtMB  

D»te  of  Hotiw  of  tpppoprUtioa  of  groundwator    

D.t«  weU  rt»rt*<Mttl4r..l7>JlS6a  complet«LaaSy-2k^  JSit- 


St.  -,0.  «nt,         Tn.  of  we|U|l^,— ^^^^^^^^^ 


90*  -VS* 


(Da*,  driTW.  bored  ar  drilled) 
W«ter  use:  Domestic O    Municipal  □ 

Indtt»tri«l  □     Drainage  □ 


(Own  drfO,  retexT  •» 
Sto«k  □    InitBtloB  □ 
Other  □ 


Indicate  on  the  diatrmm  the  character  and  thlekam  of  tke  Alflorwt  ^«t« 
™.t  ^th  In  driUine  aueh  as  «>il,  elay,  rtude.  tfraTel.  roek  or  imA, 

atreU  and  height  to  wWch  the  water  nsM  in  the  weU. 


I|\1S 


^7 


/;?  pf*.  tyP«     shutoff ) 

.....14  Sec/-?...  T.5.....  R.ft?.Z 

IntiieaU'  location  of  well  and   

place  of  use,  if  posaiblc.  Each   

Rouil    aquare    repreacnU  40 

acrea.   


SUlic  Water  Level  for  non  flawinp  well 

_ja  feoL 

Shot-in  Pr«4snrc  for  Flowing  Well   - 

iniwping  Water  Level  H  -fe** 

at  ~S  K^l-  P«' 

Diacharge  in  gal.  per  mln.  of  fl«i»ittg  well 

How  Te«ted....*«p  -  —  ~ 

I>-ngth  of  Teat  jfc.JtalBW   — 

Itmarln:  (Gravel  packing,  tementbig.  p»«k- 


 (Continne  on  reverse  «d«) 

nsillf  uaed  for  irrigation,  Indnrtrial,  drainage  or 

^       nu-Xr  Ideation  or  other  daU  (i.e.t  Lot,  Block  and  Addl- 


tion). 


Slow  exact  depth  of  bottom. 


1S2 


Top  «f  OmvtA 


a  I  mnr  "*  —  — ,  .7, 

OynOB  or  CTACT  gfti— ^ 

NoHc*  of  OmMptetlon  of  ©toiwdj^ 

(Under  <au->t»r  237.  Montwa  Sfwion  Uw«,  19«1) 

 Addr«M*tt»»-*a^~Ssayr 

DmU  of  NoUeo      .ppropnation  of  groun.Ual.  1  

D.t«  well  .Urt..aJtor«ll. ..  IS^  completed.. 


Owner. 


Trne  of  weli-  .-OUrfLs.^ 
(Dug.  Dri«B.  b«»«i  or  drill«a) 


hVluipmrnl  iwd  ..^^ 
(Chum  drill,  roucry 


WaUr  u»e: 


DomrsUc 
IndutXrla!  □ 


Municipal  O 
Dnunage  □ 


Sto«k  ■ 
Other  □ 


Irrirttkm 


4" 


4* 


„  .  .V  ju»~m  th«  i!h»r*cter  and  thicknflw  of  th«  different  itrat* 
^.'^.'1'*  ?Sm  *  ^^^^U  cUy^^Lle.  gmr^.  roek  or        tt«.  Show 


Doc,  No.  

'"•<J  fof  record 

0  c*)eK_^2__j4_ 


oc&t«d 

4po 


aitli  wktmK 


Static  Water  I.cvcl  for  non-flowinic  well 

 ISl...-  ...fe«t. 

Shut-in  PrtMHurf  for  Tlowing  Well  

PumpiJig  Water  IjcvcL  39—  -.feet 

a'  140©  K*^-  f 

DiHcharRc  in  pal  per  mill  of  flowing  well 


Indii-ftt.'  location  of  ^tH  a^'i 
plBco  of  use,  if  powible.  bach 
small    aqniiTv    rcprraents  40 


How  Test- a... 

Jieiigth  of  Tcirt  B  -6B/f»  - 

Ut  inarkK  ;  (Oravel  packinb',  cementing,  park- 
crs,  type  of  ahutoff)  -  — 

'  f?..v.  .^u  'I- .!-.i.9.5>.M.c.'  


.fCoiitinuB  on  revrrsc  »i>!e) 


USE  U  u»c.I  frr  irriKBti..!..  i..  lustri.,i.  ,lruinK«.-  or  oth.-r.  Explain  «tate 
USE— tl  inr  '-^riK  ^  |,.<.„ti,m  „r  ..tli.  r  .iiita  (i.e.:  l-ot,  Hloek  and  Ail.lj- 


nuinbcr  of  u'Ti.-.  an.! 
ti..ni. 


gbow  «aw»  dtp*  «<  bottom. 


t>t«sM  *B»w  all  qowUeaa.  U  i»t  aPP 
ivtariMd. 


,Ue*bU.  «>  «t«t«.  oU>»r»i*.  lb.  form  will  b. 


Driller's  Liccnae  Number 

.„'^.;^i/:.'£;/^^  

Ui  lifer's  Signature 


• 


if 


Kilr  No  

DUrZIOATI 


1 


LOO 

Top  of  Orond 
(Iter,  tbvn  M*  tortL 


■  -  ■  •  ■  -  60. 

H  E  V.    i  V  f.  n 


Doc.  Nn.  7  

FHed  for  record 

..^V      .day  o».„  ^-^'JLl 

A.  D.  19_L!  at  //  j.- 

o'clocl<_d  M. 


Bboir  «zaet  dcptb  of  bottom. 


County.  » 

8TATK  or  mKTAHA 
ADMIKISTSATOm  Or  OlOUKDWATUt  OODX 

omoK  or  WAT*  grenmat 

^      Notk*  of  Completion  of  Groundwater 
ApproprUHon  by  Moant  of  Woll 

DgVKLOrBD  ATTKB  JAJTOABT  1.  1908 

(UnJcr  Chapter  237,  MonUM  Se«d<«i  L*w«,  1961) 

T^^.rML-Uxd^^  :Add4^^''-'*^-^^^^--^^ 

D»t*  of  Notice  of  «ppropriation  of  gT\>nn<hvAWT.^.^»frTi.../..^..^...../.^..y.J^ 
D.te  well  .tarto,f/>.*r*«4  .  I>«t''  complet*dZ^.5^..../:.f^-^ 

Type  of  weJl./*t. .  FViaipment  iunmI/jl*..^...^^*!**^ 

(DBf.  DriYMi.  bo«W  or  drilled)  (Churn  driU.  roUXT  or  oOmt)  ' 


....fV]aipment 

(Churn  drill,  roUry  or  oUmt)  ' 

Water  u»e:        Dome»tic  g!    Municipal  □         Stock  □    Irrlmtion  B 
Indnatrial  □     Drainage  □         Other  □     ^f^^,., . 

Indicate  on  the  diagram  the  character  and  thickness  of  the  different  itnts 
met  with  In  driUing,  such  as  soil,  clay,  ahaic.  gravel,  rock  or  aand.  «t<.  SJwm 
depth  at  which  water  is  €nconntore<l,  thicknew  and  character  of  wftter-bcarinf 
strata  and  helRht  to  which  the  water  risfs  in  the  well. 


Mnaad 

tvmk 

In 

WtllM 

<VMt) 

itCllllH 

.J 

Static  \Vatcr  Level  for  non-flowing  well 

.  f8«t 

Shut-in  Preswure  for  Flowing  WeH<^0?._~. 

Pnmpinp  Water  I^vei..„  ,  X-.  f«*t 

at..._  iC.  gal.  per  tainute. 

I>uicbartcu  in  gal.  per  niin.  of  flo]|r|M  wdl 



How  Tostod.4r  '^.r/^•^^..f.^yy.f.J.•6^^^.,^^«-!^ 

Ungth  ..f  •Ve*t.  .<-?..S.*<   

KrniarWs :  ((]  revel  packing,  cementing,  pack- 
/«  -J,/    t-m,  typ-r  of  shutoff)    — 


Iml  

place  of  use,  if  possiblf.  Kacli 
aniall  square  represents  40 
ncrps. 


.   ((,'uiitinuf  on  reverse  sid«) 

USE— If  usi'il  f"r  iiriviali'in.  itiilustri:il.  <lrt.iii:iiff  or  other.  Kxplain,  slate 
numbrr  ..f  !i.  r..s  uii.I  Inration  or  ^.it  dat.i  .  Uit.  lUock  and  Addi- 
tion:, 

./.r/.:rj.V.<:L^.-.-.... .  ..***:..  '/f!"^'^''^'^:k<^..  

...^'uMUA.J.,^'Ht^./.^J!i3'.jS~..::-  .4*!<.-...-TSt// y.  

.yL  'J.&j(^.A,  _  


Thi«  form  to  b*  vrtftxti  by  drilUr.  and  thrM  copiM  to  ba  flW  by  th«  owrer  with  the 
.CflUnty  Clerk  apd  Rceordn'  in  the  eour.ty  in  whirb       w«il  t«  located.  Umu»  copy  to  be 


